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1 . REAL PARTY IN INTEREST 

The real party in interest is Genentech, Inc., South San Francisco, California, by an 
assignment of the patent application U.S. Serial No. 09/941,992, recorded November 16, 2001, at 
Reel 012176 and Frame 0450. 

2. RELATED APPEALS AND INTERFERENCES 

The claims pending in the current application are directed to a polypeptide referred to 
herein as "PR01346". There exist two related patent applications, (1) U.S. Serial No. 
09/989,729, filed November 19, 2001 (containing claims directed to polynucleotides encoding 
the PR01346 polypeptide), and (2) U.S. Serial No. 09/991,854, filed November 14, 2001 
(containing claims directed to antibodies that bind the PRO 1346 polypeptide). Both applications 
are also under final rejection from the same Examiner and based upon the same outstanding 
rejection, and appeal of these final rejections is being pursued independently and concurrently 
herewith. 

3. STATUS OF CLAIMS 

Claims 119-127 and 129-131 are in this application. 
Claims 1-118 and 128 are canceled. 

Claims 1 19-127 and 129-131 stand rejected and Appellants appeal the rejection of these 

claims. 

A copy of the rejected claims involved in the present Appeal is provided as Appendix A. 

4. STATUS OF AMENDMENTS 

There were no amendments submitted after final rejection. All previous amendments 
have been entered. 
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5. SUMMARY OF CLAIMED SUBJECT MATTER 

The invention claimed in the present application is related to an isolated polypeptide 
comprising the amino acid sequence of the polypeptide of SEQ ED NO:314; the amino acid 
sequence of the polypeptide-of SEQ ID NO:314, lacking its associated signal peptide; the amino 
acid sequence of the extracellular domain of the polypeptide of SEQ ED NO:314; or the amino 
acid sequence of the polypeptide encoded by the full-length coding sequence of the cDNA 
deposited under ATCC accession number 203128 (Claims 124-127 and 129), The invention is 
further directed to polypeptides having at least 80%, 85%, 90%, 95%, or 99% amino acid 
sequence identity to the amino acid sequence of the polypeptide of SEQ ID NO:314; the amino 
acid sequence of the polypeptide-of SEQ ID NO:314, lacking its associated signal peptide; the 
amino acid sequence of the extracellular domain of the polypeptide of SEQ ID NO:314; or the 
amino acid sequence of the polypeptide encoded by the full-length coding sequence of the cDNA 
deposited under ATCC accession number 203128, wherein said polypeptide is an 
immunostimulant (Claims 1 19-123). The invention is further directed to a chimeric polypeptide 
comprising one of the above polypeptides fused to a heterologous polypeptide (Claim 130), and 
to a chimeric polypeptide wherein the heterologous polypeptide is an epitope tag or an Fc region 
of an immunoglobulin (Claim 131). 

The full-length PRO 1346 polypeptide having the amino acid sequence of SEQ ID 
NO:314 is described in the specification at, for example, page 30, line 4 to page 31, line 7, page 
361, lines 8-26, in Figure 228 and in SEQ ED NO:314. The cDNA nucleic acid encoding 
PRO 1346 is described in the specification at, for example. Example 100, in Figure 227 and in 
SEQ ID NO:313. Page 299, lines 1-4 of the specification provides the description for Figures 
227 and 228. PRO polypeptide variants having at least about 80% amino acid sequence identity 
with a full length PRO polypeptide sequence, a PRO polypeptide sequence lacking the signal 
peptide, or the extracellular domain of a PRO polypeptide are described in the specification at, 
for example, page 286, lines 3-17, while PRO polypeptide variants having at least about 80% 
sequence identity to an amino acid sequence encoded by any of the disclosed human cDNAs 
deposited with the ATCC are described in the specification at, for example, page 286, lines 18- 
30. The preparation of chimeric PRO polypeptides, including those wherein the heterologous 
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polypeptide is an epitope tag or an Fc region of an immunoglobulin, is set forth in the 
specification at page 374, line 24, to page 375, line 9. Examples 140-143 describe the 
expression of PRO polypeptides in various host cells, including E. coli, mammalian cells, yeast 
and Baculo virus-infected insect cells. PRO 1346 is described as a TIE ligand homolog (page 31 
lines 6-7, and page 361, lines 24-26). 

Example 151 shows that PRO 1346 tested positive in the mixed lymphocyte reaction 
(MLR) assay, demonstrating that PRO 1346 is active as a stimulator of the proliferation of 
stimulated T-lymphocytes, and therefore would have utility in the treatment of conditions where 
the enhancement of an immune response would be beneficial. 

6. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

L Whether Claims 119-127 and 129-131 satisfy the utility requirement of 35 U.S.C §101. 
n. Whether Claims 1 19-127 and 129-131 satisfy the enablement requirement of 35 U.S.C. 
§112, first paragraph. 

m. Whether Claims 1 19-127 and 129-131 are patentable under 35 U.S.C. §102(b) over Baker 
et al (WO 99/63088, pubhshed December 9, 1999). 

7. ARGUMENT 
Summary of the Arguments: 

Issue I: Utility 

Appellants have previously explained that patentable utility of the PRO 1346 polypeptide is 
based upon the data derived from the mixed leukocyte reaction (MLR) assay. The specification 
discloses that PRO 1346 showed positive activity in the MLR assay (see Example 151). The 
MLR is a well-estabhshed assay for evaluating test compounds for their ability to stimulate T- 
lymphocyte proliferation in vitro. The specification explains that compovmds which stimulate 
proliferation of lymphocytes in this assay, such as PRO 1346, "are useful therapeutically where 
enhancement of an immune response is beneficial." Stimulators of T-cell proliferation find 
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utility in fighting viral infections, including retroviral infections, such as HIV infection or 
Epstein-Barr infection, as well as in the treatment of cancers such as melanoma. 

Appellants have also submitted, with their Response filed September 9, 2004, the 
Declaration of Dr. Sherman Fong. Dr. Fong provides examples of important clinical applications 
for immune stimulants which have been shown to stimulate T-cell proliferation in the MLR 
assay, such as the chemokine IL-12, used in the treatment of melanoma. Dr. Fong concludes that 
"a PRO polypeptide shown to stimulate T-cell proliferation in the MLR assay of the present 
invention with an activity at least 180% of the control, as specified in the present application, is 
expected to have the type of activity as that exhibited by IL-12, and would therefore find practical 
utility as an immune stimulant." 

Appellants submit that the Examiner applied an improper legal standard when making 
this rejection. The applicant does not have to prove that a correlation exists between a particular 
activity and an asserted therapeutic use of a compoimd as a matter of statistical certainty. The 
evidentiary standard to be used throughout ex parte examination in setting forth a rejection is a 
preponderance of the totahty of the evidence under consideration. Thus, to overcome the 
presumption of truth that an assertion of utility by the applicant enjoys, the Examiner must 
establish that it is more likely than not that one of ordinary skill in the art would doubt the truth 
of the statement of utility. Only afl:er the Examiner has made a proper prima facie showing of 
lack of utiUty, does the burden of rebuttal shift to the applicant. 

The Examiner takes issue with Dr. Fong*s statement that "[t]he MLR assay of the present 

application is designed to measure the ability of a test substance to *drive* the dendritic cells to 

induce the proUferation of T-cells that are activated, or co-stimulated in the MLR, and thus 

identifies immune stimulants that can boost the immune system to respond to a particular antigen 

that may not have been immunologically active previously," asserting that this statement is not 

supported in the specification as filed. Appellants submit that one of skill in the art would have 

understood at the time of filing that (i) molecules which enhanced the proliferation of stimulated 

T-cells would increase the ability of dendritic cells to convert antigens to immunogens. and (ii) 

such stimulatory molecules would allow antigens that were not usually immunogenic, such as 

known melanoma or viral antigens, to become immunogenic. This conclusion would have been 
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apparent to the skilled artisan based solely upon knowledge about dendritic cells and their role in 
antigen presentation that was widely known in the art at the time of filing. 

Appellants submit that the Examiner has not shown that it is it is more likely than not that 
one of ordinary skill in the art would doubt the truth of Appellants* statement of utility. 
Appellants have provided a Declaration from an expert in the art which supports the statements 
in the specification as filed that molecules such as PRO 1346, which test positive in the MLR 
assay, have therapeutic utility as immunostimulants. The art of record, such as Gubler et aL, 
confirms that in vitro assays such as the MLR assay can be successfully used to identify 
compounds having immunomodulatory activity in vivo . The Patent Office has not cited any 
references or other evidence to demonstrate that one of ordinary skill in the art would find it 
more likely than not that molecules which test positive in the disclosed MLR assay would not 
have real-world therapeutic utility. Thus the Patent Office has failed to meet its initial burden of 
proof that Appellants' claims of utility are not substantial or credible. 

Accordingly, Appellants submit that when the proper legal standard is applied, one 
should reach the conclusion that the present application discloses at least one patentable utility 
for the claimed PRO 1346 polypeptides. 

Issue II: Enablement 

Claims 119-127 and 129-131 stand rejected under 35 U.S.C. §112, first paragraph, because 
the specification allegedly "since the claimed invention is not supported by a specific, substantial 
and credible asserted utiUty or a well established utiUty for the reasons set forth above, one skilled 
in the art clearly would not know how to use the claimed invention." (Page 5 of the Office Action 
mailed March 9, 2004). The Examiner has fiirther asserted that the specification does not provide 
enablement for the recited variant polypeptides, because allegedly "the breadth of the claims 
remains excessive since the fimctional limitation is general." (Page 4 of the Office Action mailed 
November 5, 2004). 

Appellants submit that, as discussed above, the MLR assay demonstrates utility for the 
PR0314 polypeptide for the treatment of conditions where the stimulation of lymphocyte 
proliferation would be desirable, including viral infections such as HIV and Epstein-Barr, and 
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cancers such as melanoma. Based on such a utility, one of skill in the art would know exactly 
how to use the claimed polypeptides for the treatment of viral infections and cancer, without any 
undue experimentation. 

Appellants note that the claimed variants, in addition to having at least 80% amino acid 
sequence identity to SEQ ID NO:314, also have the functional limitation that " said polypeptide is 
an immunostimulant ." Thus the claimed variants all share the disclosed utility of the PRO 1346 
polypeptide as an immunostimulant . The specification provides ample guidance to allow the 
skilled artisan to identify those polypeptide variants which meet the limitations of the claims, 
including a detailed protocol for the MLR assay. The specification also provides detailed 
guidance as to how to identify and make polypeptides having at least 80% amino acid sequence 
identity to PR01346 (SEQ ID NO:314). Applicants recognize that there may be polypeptides 
that stimulate the immune system through mechanisms imrelated to those of PRO 1346, and thus 
do not resemble PRO 1346 in structure. These structurally unrelated polypeptides, however, 
would not be encompassed by claims which also require at least S0% amino acid sequence 
identity to SEQ ID NO:314. Accordingly, one of ordinary skill in the art would understand how 
to make and use the recited polypeptide variants without any undue experimentation. 

Issue III: Anticipation by Baker et aU WO 99/63088 

Claims 1 19-127, and 129-131 and 135-138 stand rejected under 35 U.S.C. §102 as being 
anticipated by Baker et al (WO 99/63088, published October 19, 2000). As stated in the Final 
Office Actions for the related cases 09/989,729 and 09/991,854, the rejection under 35 U.S.C. §102 
as being anticipated by Baker et al, has been withdrawn in view of the fact that this reference is 
Appellants* own work and does not disclose or teach any more with regard to enablement or 
utility than the instant application. Accordingly, this ground of rejection should properly also be 
withdrawn for the instant case. 

These arguments are all discussed in further detail below under the appropriate headings. 
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ISSUE I: Claims 119-127 and 129-131 satisfy the utility requirement of 35 USC §101 

Claims 119-127 and 129-131 stand rejected under 35 U.S.C. §101 because allegedly "the 
claimed invention is not supported by a specific, substantial and credible asserted utility or a well 
established utility." (Page 3 of the Office Action mailed March 9, 2004). 

Appellants submit, for the reasons set forth below, that the specification discloses at least 
one credible, substantial and specific asserted utility for the claimed PRO 1346 polypeptides. 

A. The Le2al Standard for Utility 

According to 35 U.S.C. § 101: 

Whoever invents or discovers any new and useful process, machine, manufacture, or 
composition of matter, or any new and useful improvement thereof, may obtain a 
patent therefor, subject to the conditions and requirements of this title, (Emphasis 
added.) 

In interpreting the utility requirement, in Brenner v. Manson^ the Supreme Court held that 
the quid pro quo contemplated by the U.S. Constitution between the public interest and the 
interest of the inventors required that a patent applicant disclose a "substantial utility" for his or 
her invention, i.e. a utility "where specific benefit exists in currently available form." The Court 
concluded that "a patent is not a hunting license. It is not a reward for the search, but 
compensation for its successfiil conclusion. A patent system must be related to the world of 
commerce rather than the reahn of philosophy."^ 

Later, in Nelson v. Bowie/ the C.C.P. A. acknowledged that tests evidencing 
pharmacological activity of a compound may establish practical utility, even though they may not 
establish a specific therapeutic use. The court held that "since it is crucial to provide researchers 



' Brenner v. Manson, 383 U.S. 519, 148 U.S.P.Q. (BNA) 689 (1966). 
^ Id. at 534, 148 U.S.P.Q. (BNA) at 695. 
^ Id. at 536, 148 U.S.P.Q. (BNA) at 696. 

' Nelson v. Bowler, 626 F.2d 853, 206 U.S.P.Q. (BNA) 881 (C.C.P.A. 1980). 
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with an incentive to disclose pharmaceutical activities in as many compounds as possible, we 
conclude adequate proof of any such activity constitutes a showing of practical utility."^ 

In Cross v. lizuka^ the C.A.F.C. reaffirmed Nelson, and added that in vitro results might 
be sufficient to support practical utility, explaining that "/« vitro testing, in general, is relatively 
less complex, less time consuming, and less expensive than in vivo testing. Moreover, in vitro 
results with the particular pharmacological activity are generally predictive of in vivo test results, 
i.e. there is a reasonable correlation there between."^ The court perceived "No insurmountable 
difficulty" in finding that, under appropriate circumstances, "in vitro testing, may establish a 
practical utility." 

Furthermore, M.P.E.P. §2107.03 (HI) states that: 

"If reasonably correlated to the particular therapeutic or pharmacological utility, data 
generated using in vitro assays, or from testing in an animal model or a combination 
thereof almost invariably will be sufficient to establish therapeutic or pharmacological 
utility for a compound, composition or process." 

Thus, the legal standard recognizes that in vitro or animal model data is acceptable to 
establish utility as long as the data is "reasonably correlated" to the pharmacological utility 
described. 

The case law has also clearly established that applicants' statements of utility are usually 
sufficient, unless such statement of utility is unbelievable on its face.^ The PTO has the initial 
burden to prove that applicants* claims of usefiilness are not believable on their face.^*^ In 
general, an Applicant's assertion of utiUty creates a presumption of utihty that will be sufficient 



^ Id, at 856, 206 U.S.P.Q. (BNA) at 883. 

^ Cross V. lizuka, 753 F.2d 1047, 224 U.S.P.Q. (BNA) 739 (Fed. Cir. 1985). 
^ Id. at 1050, 224 U.S.P.Q. (BNA) at 747. 
' Id 

^ In re Gazave, 379 F.2d 973, 154 U.S.P.Q. (BNA) 92 (C.C.P.A. 1967). 
Ibid. 
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to satisfy the utility requirement of 35 U.S.C. §101, "unless there is a reason for one skilled in the 
art to question the objective truth of the statement of utility or its scope. 

Compliance with 35 U.S.C. §101 is a question of fact.^^ The evidentiary standard to be 
used throughout ex parte examination in setting forth a rejection is a preponderance of the 
totality of the evidence under consideration.^"* Thus, to overcome the presumption of truth that 
an assertion of utility by the applicant enjoys, the Examiner must estabUsh that it is more likely 
than not that one of ordinary skill in the art would doubt the truth of the statement of utility. 
Only after the Examiner made a proper prima facie showing of lack of utility, does the burden of 
rebuttal shift to the applicant. The issue will then be decided on the totality of evidence. 

The well established case law is clearly reflected in the Utility Examination Guidelines 
("Utility Guidelines'')^^, which acknowledge that an invention complies with the utility 
requirement of 35 U.S.C. §101, if it has at least one asserted "specific, substantial, and credible 
utility" or a "well-established utility." Under the Utility Guidelines, a utility is "specific" when it 
is particular to the subject matter claimed. For example, it is generally not enough to state that a 
nucleic acid is usefiil as a diagnostic without also identifying the conditions that are to be 
diagnosed. 

In explaining the "substantial utility" standard, M.P.E.P. §2107.01 cautions, however, 
that Office personnel must be careful not to interpret the phrase "immediate benefit to the public" 
or similar formulations used in certain court decisions to mean that products or services based on 
the claimed invention must be "currently available" to the public in order to satisfy the utility 
requirement. "Rather, any reasonable use that an applicant has identified for the invention that 

In reLanger, 503 F.2d 1380,1391, 183 U.S.P.Q. (BNA) 288, 297 (C.C.P.A. 1974). 

See also In reJolles, 628 F.2d 1322, 206 U.S.P.Q. 885 (C.C.P.A. 1980); In re Irons, 340 F.2d 974, 144 
U.S.P.Q. 351 (1965); In re Sichert, 566 F.2d 1154, 1159, 196 U.S.P.Q. 209, 212-13 (C.C.P.A. 1977). 

Raytheon v. Roper, 724 F.2d 951, 956, 220 U.S.P.Q. (BNA) 592, 596 (Fed. Cir. 1983) cert, denied, 469 
US 835 (1984). 

In re Oetiker, 977 F.2d 1443, 1445, 24 U.S.P.Q,2d (BNA) 1443, 1444 (Fed. Cir. 1992). 
66 Fed. Reg. 1092(2001). 
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can be viewed as providing a public benefit should be accepted as sufficient, at least with regard 
to defining a 'substantial' utility."^^ Indeed, the Guidelines for Examination of Applications for 

1 7 

Compliance With the Utility Requirement, gives the following instruction to patent examiners: 
"If the applicant has asserted that the claimed invention is useful for any particular practical 
purpose . . . and the assertion would be considered credible by a person of ordinary skill in the 
art, do not impose a rejection based on lack of utility." 



B. Proper Application of the Legal Standard 

Appellants respectfiiUy submit that Appellants rely on data fi"om the mixed leukocyte 
reaction (MLR) assay for patentable utility of the claimed PRO 1346 polypeptides, and that the 
MLR assay data for the PRO 1346 polypeptide is clearly disclosed in the instant specification 
under Example 151. The positive result for PRO 1346 in the MLR assay, described in Example 
151, at page 525 of the specification, demonstrates that PRO 1346 is active as a stimulator of the 
proliferation of stimulated T-lymphocytes. 

The MLR is a well-established assay for evaluating test compoimds, such as the 
PRO 1346 polypeptide, for their ability to stimulate T-lymphocyte proliferation in vitro, and 
consequently, for assessing the immune response of an individual. The MLR assay is well- 
described in standard textbooks, including, for example. Current Protocols in Immunology, unit 
3.12; edited by J E Coligan, A M Kruisbeek, D H Marglies, E M Shevach, W Strober, National 
Institutes of Health, Published by John Wiley & Sons, Inc., which is referenced in Example 74, 
and the entire content of which is expresslv incorporated bv reference into the disclosure of the 
present application (page 525). In brief, in this method, an immune response results upon mixing 
T-cells fi-om antigenically distinct individuals under cell culture conditions. An MLR reaction 
can be monitored quantitatively by, for example, following the incorporation of tritiated 

M.P.E.P. §2107.01. 
M.P.E.P. §2107 II (B)(1). 
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thymidine during DNA synthesis, or by observing blast formation, or by other methods well 
known in the art. 

According to the specification, positive increases over control in this assay are considered 
to be positive results, with increases of greater than or equal to 180% being preferred. However, 
any value greater than control indicates a stimulatory effect for the test protein. PRO 1346 (SEQ 
ID NO:314) tested positive in this assay, using the described criteria. Example 151 further 
explains that compounds which stimulate proliferation of lymphocytes in this assay "are useful 
therapeutically where enhancement of an immime response is beneficial." Accordingly, 
PRO 1346 has utility in the treatment of conditions where the stimulation of lymphocyte 
proliferation would be desirable. 

In further support of utility based upon the MLR assay, Appellants have submitted (with 
their Response filed September 9, 2004) the Declaration of Sherman Fong, Ph.D. Dr. Fong is an 
inventor of the above-identified patent application, and an experienced scientist familiar with the 
MLR assay, which was used by him and others under his supervision, to test the immune 
stimulatory or immime inhibitory activity of novel polypeptides discovered in Genentech's 
Secreted Protein Discovery Initiative project, including PR01346. 

The Fong Declaration explains how the MLR reaction was performed in the instant 
application using peripheral blood mononuclear cells (PBMCs), which contain responder T-cells, 
and allogenic, pre-treated (irradiated) PBMCs, which predominantly contained dendritic cells. 
Dr. Fong proceeds to explain (paragraph 7 of the Declaration) that dendritic cells are potent 
antigen-presenting cells that are able to "prime native T cells in vivo" Once activated by 
dendritic cells, the T-cells are capable of interacting with other antigen-presenting cells (B cells 
and macrophages) to produce additional inmiune responses fi"om these cells. 

As Dr. Fong states, the MLR assay of the present application 

is designed to measure the ability of a test substance to "drive" the dendritic cells 
to induce the proliferation of T-cells that are activated, or co-stimulated in the 
MLR, and thus identifies immune stimulants that can boost the immune system to 
respond to a particular antigen that may not have been immunologically active 
previously. (Paragraph 8 of the Fong Declaration.) 
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As Dr. Fong emphasizes, immunostimulants are important and highly desirable in the 



treatment of cancer and in enhancing the effectiveness of previously identified treatments for 
cancer. Supportive evidence also comes from teachings in the art such as Steinman et al 
(submitted as Exhibit B with the Response filed September 9, 2004) who state that ". . .medicine 
needs therapies that enhance immunity or resistance to infections and tumors** (page 1, 
column 1, line 7; emphasis added). 

hi paragraph 9 of his Declaration, Dr. Fong provides examples of important clinical 
applications for immune stimulants which have been shown to stimulate T-cell proliferation in 
the MLR assay. As Dr. Fong explains, 

IL-12 is a known immune stimulant, which has been shown to stimulate T-cell 
proliferation in the MLR assay. IL-12 was first identified in just such an MLR 
[Gubler et al. PNAS 88, 4143 (1991) (Exhibit C)]. In a recent cancer vaccine 
trial, researchers from the University of Chicago and Genetics Institute 
(Cambridge, MA) have demonstrated the efficacy of the approach, relying on the 
immime stimulatory activity of IL-12, for the treatment of melanoma. [Peterson et 
al. Journal of Clinical Oncologv 21 (12). 2342-48 (2003) (Exhibit D)] They 
extracted circulating white blood cells carrying one or more markers of melanoma 
cells, isolated the antigen, and retumed them to the patients. Normally patients 
would not have an inmiune response to his or her own human antigens. The 
patients were then treated with different doses of IL-12, an immune stimulmt 
capable of inducing the proliferation of T cells that have been co-stimulated by 
dendritic cells. Due to the imrnxme stimulatory effect of IL-12, the treatment 
provided superior results in comparison to earlier work, where patients' own 
dendritic cells were prepared from peripheral blood mononuclear cells (PBMCs), 
treated with antigens, then cultured in vitro and retumed to the patient to stimulate 
anti-cancer response. [Thumer et al. L Exp. Med. 190 (1 1), 1669-78 (1999) 
(Exhibit E)]. 

Dr. Fong concludes that (paragraph 10): 

It is my considered scientific opinion that a PRO polypeptide shown to stimulate 
T-cell proliferation in the MLR assay of the present invention with an activity at 
least 180% of the control, as specified in the present application, is expected to 
have the type of activity as that exhibited by IL-12, and would therefore find 
practical utility as an immune stimulant. 

Accordingly, the positive resuUs obtained in this assay clearly establish the 
immunostimulant utility for the polypeptides claimed in the present application, and the 
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specification, in txim, enables one skilled in the art to use the compounds for the asserted 
purpose. 

Appellants submit that the teachings of the specification are properly evaluated through 
the eyes of one skilled in the pertinent art at the effective filing date of the present application. In 
1998 it was well known in the art, as it is today, that T-cells are highly important in the body's 
natural defense mechanisms for fighting infections. For example, viral infections, such as HIV 
infection, are well known to result in reduced T cell count. Indeed, the count of T-cell 
lymphocytes is a generally accepted measure of the extent and seriousness of HIV infection and 
resultant AIDS. Accordingly, stimulators of T-cell proliferation find utility in fighting viral 
infections, including retroviral infections, such as HIV infection or Epstein-Barr infection. 

It was also well known at the time of filing that T cells can recognize tumor antigens and 
kill tumors. See, for example. Thuraer et al,, J. Exp. Med. 190:1669-1678 (1999) (submitted as 
Exhibit E with the Response filed September 9, 2004), which describes experimental procedures 
designed to treat melanoma by boosting the immune response. Accordingly, one of skill in the 
art at the time of filing would have expected immunostimulant molecules such as PRO 1346 to 
also have utility in the treatment of cancers such as melanoma. 

As discussed above, the legal standard is that in vitro results are acceptable to 
demonstrate utility. Further, the data derived fi"om the MLR assay is "reasonably correlated" to 
the asserted pharmacological utility, because one of ordinary skill in the art would understand, 
based upon the discussion above, that molecules showing inununostimulant activity as measured 
in the MLR assay would be usefiil in the treatment of conditions where the stimulation of 
lymphocyte proliferation would be desirable, including viral infections such as HIV and Epstein- 
Barr, and cancers such as melanoma. Accordingly, a valid case for utility has been made and 
would be considered credible by a person of ordinary skill in the art. 

C. A prima facie case of lack of utility has not been established 

As a preliminary matter. Appellants submit that, as discussed above, the evidentiary 
standard to be used throughout ex parte examination of a patent application is a preponderance of 
the totality of the evidence xmder consideration. Accordingly, Appellants submit that in order to 
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overcome the presumption of truth that an assertion of utility by the appUcant enjoys, the 
Examiner must estabUsh that it is more likely than not that one of ordinary skill in the art would 
doubt the truth of the statement of utility. With respect to asserted therapeutic utilities based 
upon in vitro data, an applicant "does not have to prove that a correlation exists betv^een a 
particular activity and an asserted therapeutic use of a compound as a matter of statistical 
certainty."^ ^ The law requires only that one skilled in the art should accept that such a correlation 
is more likely than not to exist. Appellants respectfully submit that when the proper evidentiary 
standard is applied, a correlation must be acknowledged. 

The Examiner has asserted that "this [Fong] Declaration is insufficient to overcome the 
holding of lack of utility based on results of the MLR assay." In particular, the Examiner takes 
issue with Dr. Pong's statement that "[t]he MLR assay of the present application is designed to 
measure the ability of a test substance to "drive" the dendritic cells to induce the proliferation of 
T-cells that are activated, or co-stimulated in the MLR, and thus identifies immune stimulants 
that can boost the immune system to respond to a particular antigen that may not have been 
immunologically active previously." The Examiner states that "[t]his is not what the instant 
specification asserts at pages 204-206. There is no mention in the instant specification about 
boosting the immune system *to respond to a particular antigen that may not have been 
immunologically active previously*." The Examiner asserts that "Dr. Fong is reading the results 
of the Peterson et al. reference into the disclosure of the instant specification," and that because 
this reference was not available at the time the instant apphcation was filed, "reliance on the 
methods and results of this reference is improper." (Page 3 of the Office Action mailed 
November 5, 2004. 

Appellants submit that the statements of Dr. Fong regarding the purpose of the MLR 
assay described in the instant specification are not based upon the Peterson et aL reference, but 
upon evidence regarding the properties of antigens and antigen presenting cells that was well 
know in the immunological art at the time the instant application was filed. 



M.P.E.P. 2107.03. 
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The specification discloses that the stimulator cells used in the MLR assay were treated 

with 3000 Rads of radiation. As explained in the Fong Declaration, 

This irradiation is done in order to create a sample of cells that has mainly 
dendritic cells. It is known that the dendritic cell population among the PBMCs 
are differentially affected by irradiation. At low doses (500-1000 Rad), the 
proliferation of most cells, including the B cells in the PBMCs, is preserved, 
however, at doses above 2000 Rad, this function of B cells is abolished. Dendritic 
cells on the other hand, maintain their antigen presentation function even at a 
3000 Rad dose of radiation. 

Thus one of ordinary skill in the art, upon reading that the cells were treated with 3000 Rads, 

would have understood that, as a consequence of that treatment, the stimulator cells would be 

predominantly dendritic cells (DCs). 

It was well known at the time of filing that, as disclosed in Steinman et aL, "[t]he best 
studied fimction of DCs is to convert antigens into immunogens for T cells" (Abstract). 
Appellants note that article by Steinman et al, published December 2000, is a review article that 
provides an accurate indication as to what was knovm in the art at the instant application's 
asserted priority date of March 2000. It was also the case that "protein antigens often are knovra 
for a tumor-hke melanoma, or for a virus like HIV-1 whose genetic sequence has been 
available," but that these antigens needed to become immunogenic, that is, capable of 
inducing a T cell response (Steinman et a/., page 585, col. 1; emphasis added). The use of DCs 
in therapeutic treatment for melanoma was ahready being tested in clinical trials around priority 
date of the instant application, as evidenced, for example, by Thumer et aL^ whose results were 
completed and published by 1999. Steinman et aL further disclose that "[i]n order for an antigen 
to become a strong immunogen, one needs to provide a stimulus for the final maturation of the 
DCs," explaining that most DCs in the body "are in an immature state and lack features 
leading to a strong T cell response" (page 585, col. 2; emphasis added). 

Thus one of skill in the art would have understood at the time of filing that (i) molecules 

which enhanced the proliferation of stimulated T-cells would increase the ability of DCs to 

convert antigens to immunogens, and (ii) such stimulatory molecules would allow antigens that 

were not usually immunogenic, such as the melanoma or viral antigens described above, to 

become immunogenic. Therefore, while the specification does not use the precise language that 
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the purpose of the MLR assay was to identify molecules capable of boosting the immune system 
"to respond to a particular antigen that may not have been inmiunologically active previously," 
the structure of the assay, which is designed to find molecules that increase DC-induced T-cell 
proliferation, is clearly intended to find precisely such molecules. This conclusion would have 
been apparent to the skilled artisan based solelv upon knowledge about DCs and their role in 
antigen presentation that was widely known in the art at the time of filing. 

The Examiner has also disputed the relevance of the Gubler et aL article, cited by Dr. 
Fong in his Declaration as providing an example in which the MLR assay was used to identify a 
molecule, IL-12, that was proven to also have in vivo immunostimulant activity. 

The Examiner has asserted that "a review of Gubler et aL does not reveal the use of MLR 
in evaluating the biological effects of IL-12" and adds that "further work of researchers regarding 
IL-12 was not based on the results of a single assay, being the MLR, but rather by a body of work 
which provides for a number of biological activities of IL-12, which are not disclosed for the 
claimed invention". (Page 3 of the Office Action mailed November 5, 2004). 

Gubler et aL identified CLMF (Cytokine Lymphocyte Maturation Factor), a 
heterodimeric lymphokine, and designated it as interleukin 12. Gubler et aL reported the 
molecular cloning and expression of CLMF (see column 1 , last line and Materials and Methods), 
and performed two biological assays: (i) the T-cell growth factor assay (see Table 1 and Fig. 3 
(upper panel) and (ii) the LAK (lymphokine activated killer) cell induction assay. In the T-cell 
growth factor assay, PHA-activated lymphoblasts prepared fi'om human PBMCs were used to 
measure lymphoblast proliferation in a tritiated thymidine assay very similar to the instant MLR 
assay (see legend of Table 1). Table 1 summarizes the results and demonstrates that the two 
subunits, 35 kDa and 40 kDa of CLMF together showed the highest incorporation (58,615 cpm 
and 38,361 cpm incorporation for 1:20 and 1:100 dilution). As Gubler et aL discloses in column 
1, page 4143: "we initiated a search for novel cytokines that would synergize with suboptimal 
concentrations of recombinant IL-2 to activate cytotoxic lymphocytes in vitro and thus might 
have synergistic immunoenhancing effects when administered together with recombinant IL-2 
in vivo. This led to the identification of a factor, designated CLMF". 
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Therefore, while Gubler et al. did not use the same MLR assay as disclosed in the instant 
specification, they used a similar in vitro assay of T-cell proliferation, confirming Appellants* 
assertion that such in vitro systems are predictive of in vivo efficacy . Further, Appellants submit 
that the "body of work" performed by Gubler et aL was CLMF cDNA cloning, expression, and 
computer searches for homology, which are routine experiments done to characterize any novel 
protein and do not represent "a number of biological activities." The only other biological assay 
performed in this study was the "LAK cell induction assay"discussed above. The activation of 
lymphocytes in an in vitro T-cell proliferation assay similar to the MLR assay was sufficient for 
the authors to conclude that CLMF/IL-12 was an immunoenhancing agent that could be 
administered in vivo . 

The Examiner asserts that there is allegedly "no evidence of record which correlates an 
activity of at least 180% of control as predictive of an activity of IL-12. It is not clear from what 
data this conclusion is derived. Therefore, the Declaration is not persuasive to overcome the 
holding of a lack of utility for the claimed invention based on the MLR assay" (Pages 3-4 of the 
Office Action mailed November 5, 2004). 

The case law has clearly established that in considering affidavit evidence, the Examiner 
must consider all of the evidence of record anew.^^ "After evidence or argument is submitted by 
the applicant in response, patentability is determined on the totality of the record, by a 
preponderance of the evidence with due consideration to persuasiveness of argument" 
Furthermore, the Federal Court of Appeals held in In re Alton, "We are aware of no reason why 
opinion evidence relating to a fact issue should not be considered by an examiner" . Applicants 
also respectfully draw the Examiner's attention to the Utility Examination Guidelines'^ which 



In reRinehart, 531 F.2d 1084, 189 U.S.P.Q. 143 (C.C.P.A. 1976); In rePiasecki, 745 F.2d. 1015, 226 
U.S.P.Q. 881 (Fed. Cir. 1985). 

In re Alton, 37 U.S.P.Q.2d 1578, 1584 (Fed, Cir. 1996) (quoting /« re Oetiker, 977 F.2d 1443, 1445, 24 
U.S.P.Q.2d 1443, 1444 (Fed. Cir. 1992)). 

^' In re Alton, supra. 

Part IIB, 66 Fed. Reg. 1098 (2001). 
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state, "Office personnel must accept an opinion from a qualified expert that is based upon 
relevant facts whose accuracy is not being questioned; it is improper to disregard the opinion 
solely because of a disagreement over the significance or meaning of the facts offered." The 
statement in question from an expert in the field (the Fong Declaration) states that "(i)t is my 
considered scientific opinion that a PRO polypeptide shown to stimulate T-cell proliferation in 
the MLR assay of the present invention with an activity of at least 180% of the control is 
expected to have the type of activity as that exhibited by EL- 12, and would therefore find practical 
utility as an inmiune stimulant." Therefore, barring evidence to the contrary regarding the above 
statement in the Fong Declaration, this rejection is improper imder both the case law and the 
Utility guidelines. 

In summary. Appellants respectfiiUy submit that the Examiner has not shown that it is it 
is more likely than not that one of ordinary skill in the art would doubt the truth of Appellants* 
statement of utility. As discussed above. Appellants have provided a Declaration from an expert 
in the art which supports the statements in the specification as filed that molecules such as 
PRO 1346, which test positive in the MLR assay, have therapeutic utility as immunostimulants. 
The art of record, such as Gubler et aL, confirms that in vitro assays such as the MLR assay can 
be successfiiUy used to identify compounds having immunomodulatory activity in vivo. Further, 
the disclosed MLR assay is one which one of skill art would understand, based upon knowledge 
available at the time of filing, is usefiil to identify molecules capable of boosting the immune 
system to respond to viral or tumor antigens that may not have been immunologically active 
previously. The Patent Office has not cited any references or other evidence to demonstrate that 
one of ordinary skill in the art would find it more likely than not that molecules which test 
positive in the disclosed MLR assay would not have real-world therapeutic utility. Thus the 
Patent Office has failed to meet its initial burden of proof that Appellants' claims of utility are not 
substantial or credible. 

For the reasons given above. Appellants respectfully submit that the results of the MLR 
assay as shown in Example 151 of the present specification provide a specific, substantial and 
credible utility under 35 U.S.C. §101 for the claimed invention. 
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O 6 

ISSUE II: Claims 119-127 amd 129-131 satisfy the enablement requirement of 35 USC 
$112, first paragraphs 

Claims 119-127 and 129-131 stand rejected under 35 U.S.C. §112, first paragraph, allegedly 
"since the claimed invention is not supported by either a specific and substantial asserted utility or a 
well established utility for the reasons set forth above, one skilled in the art clearly would not know 
how to use the claimed invention." (Page 5 of the Office Action mailed March 9, 2004). 

In this regard, Appellants refer to the arguments and information presented above in 
response to the issue of utility, wherein those arguments are incorporated by reference herein. 
Appellants submit that, as discussed above, the MLR assay demonstrates utility for the PRO 1346 
polypeptide for the treatment of conditions where the stimulation of lymphocyte proliferation 
would be desirable, including viral infections such as HIV and Epstein-Barr, and cancers such as 
melanoma. Based on such a utility, one of skill in the art would know exactly how to use the 
claimed polypeptides for the treatment of conditions where enhancement of an immune response 
is beneficial, without any undue experimentation. 

The Examiner has further asserted that even if the claims possessed utiUty under 35 
U.S.C. §101, claims 1 19-127 and 129-131 would still be rejected under 35 U.S.C. §112, first 
paragraph, "because the specification, while then being enabling for SEQ ED NO:313 and 314, 
does not reasonably provide enablement for polypeptides having at least 80%, 85%, 90%, 95% or 
99% sequence identity to SEQ ID N0:3 14, to the protein encoded by ATCC No. 203 1 28 . . . or 
for fiision proteins." (Page 6 of the Office Action mailed March 9, 2004). 

Appellants note that the claimed variants all share the fimctional limitation that " said 

polvpeptide is an immunostimulant ." Example 151 of the present appUcation provides detailed 

protocols for the MLR assay, including the extensive step-by-step guidance from Current 

Protocols in Immunology, which is explicitly incorporated into the specification by reference. By 

following the disclosure in the specification, one skilled in the art can easily test whether a 

variant PR01346 polypeptide is capable of stimulating proliferation of T-lymphocytes. The 

specification further describes methods for the determination of percent identity between two 

amino acid sequences. (See page 306, line 14, to page 308, line 6). In fact, the specification 

teaches specific parameters to be associated with the term "percent identity" as applied to the 
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present invention. The specification further provides detailed guidance as to changes that may be 
made to a PRO polypeptide without adversely affecting its activity (page 371, line 6, to page 373, 
line 17). This guidance includes a listing of exemplary and preferred substitutions for each of the 
twenty naturally occurring amino acids (Table 6, page 372). Accordingly, one of skill in the art 
could identify whether a variant PR0217 sequence falls within the parameters of the claimed 
invention. Once such an amino acid sequence is identified, the specification sets forth methods 
for making the amino acid sequences (see page 371, line 6, to page 375, line 9) and methods of 
preparing the PRO polypeptides (see page 375, line 1 1 and onward). 

Therefore, Appellants respectfully submit that the specification provides ample guidance 
such that one of skill in the art could readily test a variant polypeptide to determine whether it has 
immunostimulant activity by the methods set forth in Example 151. Furthermore, one of 
ordinary skill in the art has a sufficiently high level of technical competence to identify sequences 
with at least 80% identity to SEQ ID NO:314. Accordingly, one of ordinary skill could practice 
the claimed invention without undue experimentation. 

The Examiner has asserted that "the breadth of the claims remains excessive since the 
functional limitation is general." In particular, the Examiner asserts that since "the claims are not 
limited to polypeptides which are shown to be immunostimulatory in the MLR assay, it includes 
in breadth the stimulation of the immune system by polypeptides which can stimulate the 
immune system in other ways, such as activation of B cells. Applicants have not provided any 
guidance or working examples of polypeptides which can stimulate immune cells other than via 
the MLR." (Pages 4-5 of the Office Action mailed November 5, 2004). 

Applicants recognize that there may be polypeptides that stimulate the immune system 
through mechanisms unrelated to those of PR01346, and thus do not resemble PR01346 in 
structure. These structurally unrelated polypeptides, however, would not be encompassed by 
claims requiring at least 80% amino acid sequence identity to SEQ ID NO:314. Applicants claim 
only those proteins which meet both limitations of the claims, structural and functional. Given 
the structural limitation, the additional functional limitation clearly acts to further define the 
claimed genus. 
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The claims currently recite polypeptide sequences associated with a specific biological 
activity. This biological activity together with the well defined relatively high degree of 
sequence identity and general knowledge in the art at the time the invention was made, 
sufficiently defines the claimed genus such that, one skilled in the art, at the effective date of the 
present application, would have known how to make and use the claimed polypeptide sequences 
without undue experimentation. As the M.P.E.P. states, "[t]he fact that experimentation maybe 
complex does not necessarily make it undue, if the art typically engages in such 
experimentation."^^ 

As discussed above, a considerable amount of experimentation is permissible, if it is 
merely routine. Applicants submit that the identification of variant PRO 1346 polypeptides 
having at least 80% identity to SEQ ID NO:314 wherein the polypeptide is an immunostimulant, 
can be performed by techniques that were well known in the art at the priority date of this 
application, and that the performance of such work does not require undue experimentation. 

Accordingly, Appellants respectfully request reconsideration and reversal of the 
enablement rejection of Claims 1 19-127 and 129-131 under 35 U.S.C. §112, first paragraph. 

Issue III; Claims 119-127 and 129-131are not anticipated under 35 U.S,C. S102 by Baker et 
aL WO 99/63088 

Claims 1 19-127, and 129-131 stand rejected under 35 U.S.C. §102 as being anticipated 
by Baker et al (WO 99/63088, published October 19, 2000). As stated in the Final Office Actions 
for the related cases 09/989,729 and 09/991,854, the rejection under 35 U.S.C. §102 as being 
anticipated by Baker et al has been withdrawn in view of the fact that this reference is 
Appellants' own work and does not disclose or teach any more with regard to enablement or 
utility than the instant application. Accordingly, this ground of rejection should properly be 
withdrawn for the instant case as well. 



M.P.E.P. §2164.01 citing In re Certain Limited-charge Cell Culture Microcarriers, 111 U.S.P.Q. 1 165, 
1 174 (Int'l Trade Comm'n 1983), ajf sub nom. Massachusetts Institute of Technology v. A,B. Fortia, 774 F.2d 1 104, 
227 U.S.P.Q. 428 (Fed. Cir. 1985). 
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Reconsideration and reversal of the rejection of Claims 1 19-127 and 129-131 under 35 
U.S.C. §102 as being anticipated by Baker et al, is therefore respectfully requested. 

CONCLUSION 

For the reasons given above, Appellants submit that the MLR assay disclosed in Example 
151 of the specification provides at least one patentable utility for the PR01346 polypeptides of 
Claims 1 19-127 and 129-131, and that one of ordinary skill in the art would imderstand how to 
used the claimed polypeptides, for example in therapeutic applications where enhancement of an 
immune response is beneficial, such as the treatment of viral infections or cancer. Therefore, 
Claims 119-127 and 129-131 meet the requirements of 35 USC §101 and 35 USC §112, first 
paragraph. Further, Baker et al (WO 99/63088, published October 19, 2000) is not prior art, and 
does not anticipate the claims under 35 USC §102. 

Accordingly, reversal of all the rejections of Claims 1 19-127 and 129-131 is respectfully 
requested. 
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Please charge any additional fees, including any fees for additional extension of time, or 
credit overpayment to Deposit Account No. 08-1641 (referencing Attorney's Docket No. 
39780-2730P1C23) . 

Respectfully submitted. 



Date: August 10, 2005 By: Qt^^ /^^v<<>-t^ 

Barrie Greene (Reg. No. 46,740) 



HELLER EHRMAN LLP 

275 Middlefield Road 
Menlo Park, California 94025-3506 
Telephone: (650) 324-7000 
Facsimile: (650) 324-0638 
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8. CLAIMS APPENDIX 

Claims on Appeal 

119. An isolated polypeptide having at least 80% amino acid sequence identity to: 

(a) the amino acid sequence of the polypeptide of SEQ ID N0:3 14; 

(b) the amino acid sequence of the polypeptide of SEQ ID N0:3 14; lacking its 
associated signal peptide; 

(c) the amino acid sequence of the extracellular domain of the polypeptide of SEQ ID 
NO:314; or 

(d) the amino acid sequence of the polypeptide encoded by the full-length coding 
sequence of the cDNA deposited under ATCC accession number 203128; wherein said 
polypeptide is an immunostimulant. 

120. The isolated polypeptide of Claim 119 having at least 85% amino acid sequence identity 
to: 

(a) the amino acid sequence of the polypeptide of SEQ ID N0:3 14; 

(b) the amino acid sequence of the polypeptide of SEQ ID NO:314; lacking its 
associated signal peptide; 

(c) the amino acid sequence of the extracellular domain the polypeptide of SEQ ID 
NO:314; or 

(d) the amino acid sequence of the polypeptide encoded by the full-length coding 
sequence of the cDNA deposited under ATCC accession number 203128; wherein said 
polypeptide is an immunostimulant. 

121. The isolated polypeptide of Claim 119 having at least 90% amino acid sequence identity 
to: 

(a) the amino acid sequence of the polypeptide of SEQ ID NO:314; 

(b) the amino acid sequence of the polypeptide of SEQ ID NO:314; lacking its 
associated signal peptide; 
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(c) the amino acid sequence of the extracellular domain of the polypeptide of SEQ ID 
NO:314; or 

(d) the amino acid sequence of the polypeptide encoded by the full-length coding 
sequence of the cDNA deposited under ATCC accession nximber 203128; wherein said 
polypeptide is an immunostimulant. 

122. The isolated polypeptide of Claim 119 having at least 95% amino acid sequence identity 
to: 

(a) the amino acid sequence of the polypeptide of SEQ ID N0:3 14; 

(b) the amino acid sequence of the polypeptide of SEQ ID NO:3 14; lacking its 
associated signal peptide; 

(c) the amino acid sequence of the extracellular domain of the polypeptide of SEQ ID 
NO:314;or 

(d) the amino acid sequence of the polypeptide encoded by the full-length coding 
sequence of the cDNA deposited under ATCC accession number 203 128; wherein said 
polypeptide is an immunostimulant. 

123. The isolated polypeptide of Claim 119 having at least 99% amino acid sequence identity 
to: 

(a) the amino acid sequence of the polypeptide of SEQ ID N0:3 1 4; 

(b) the amino acid sequence of the polypeptide of SEQ ID N0:3 14; lacking its 
associated signal peptide; 

(c) the amino acid sequence of the extracellular domain of the polypeptide of SEQ ID 
NO:314; or 

(d) the amino acid sequence of the polypeptide encoded by the full-length coding 
sequence of the cDNA deposited under ATCC accession number 203128; wherein said 
polypeptide is an immunostimulant. 

124. An isolated polypeptide comprising: 

(a) the amino acid sequence of the polypeptide of SEQ ID NO:3 14; 
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(b) the amino acid sequence of the polypeptide of SEQ ID NO: 3 14, lacking its 
associated signal peptide; 

(c) the amino acid sequence of the extracellular domain of the polypeptide of SEQ JD 
NO:314; or 

(d) the amino acid sequence of the polypeptide encoded by the full-length coding 
sequence of the cDNA deposited under ATCC accession number 203128. 

125. The isolated polypeptide of Claim 124 comprising the amino acid sequence of the 
polypeptide of SEQ ID NO:314. 

126. The isolated polypeptide of Claim 124 comprising the amino acid sequence of the 
polypeptide of SEQ ID NO:314, lacking its associated signal peptide. 

127. The isolated polypeptide of Claim 124 comprising the amino acid sequence of the 
extracellular domain of the polypeptide of SEQ ID NO:314. 

129. The isolated polypeptide of Claim 124 comprising the amino acid sequence of the 
polypeptide encoded by the full-length coding sequence of the cDNA deposited under 
ATCC accession number 203128. 

130. A chimeric polypeptide comprising a polypeptide according to Claim 124 fused to a 
heterologous polypeptide. 

131. The chimeric polypeptide of Claim 130, wherein said heterologous polypeptide is an. 
epitope tag or an Fc region of an immunoglobulin. 
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9. EVIDENCE APPENDIX 

Declaration of Sherman Feng, Ph.D. under 35 C.F.R 1.132, with attached Exhibits A-E: 

A. Current Protocols in Immunology, Vol. 1, Richard Coico, Series Ed., John Wiley & 
Sons, Inc., 1991, Unit 3.12 

B. Steinman, R.M., 'The dendritic cell advantage: New focus for immune-based 
therapies," Drug News Perspect, 13:581-586 (2000). 

C. Gubler, U. et al., "Coexpression of two distinct genes is required to generate secreted 
bioactive cytotoxic lymphocyte maturation factor," Proc, Natl Acad. Sci. USA 88:4143- 
4147(1991). 

D. Peterson, A.C. et al., "Immunization with melan-A peptide-pulsed peripheral blood 
mononuclear cells plus recombinant human interleukin-12 induces clinical activity and T- 
cell responses in advanced melanoma," J. Clin. Oncol 21:2342-2348 (2003). 

E. Thumer, B. et al., "Vaccination with Mage-3A1 peptide-pulsed mature, monocyte- 
derived dendritic cells expands specific cytotoxic T cells and induces regression of some 
metastases in advanced stage IV melanoma," Exp. Med. 190:1669-1678 (1999). 

The Declaration of Dr. Sherman Fong and attached Exhibits A-E were submitted with 
Appellants' response filed October 25, 2004, and noted as entered into the record in the Office 
Action mailed November 5, 2004. 
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\^ <An the united states patent and trademark office 

Docket No.: 



Applicant: 

Serial No.: Group Art Unit: 

Filing Date: Examiner: 
For 

nKrLARATION OF SHERMAN FONG. PhJ) rnvmER 37 CFJt. S 1.132 

Commissioner for Patents 

P.O. Box 1450 
Alexandria. VA 22313-1450 

Sir: 

I. Sherman Fong. Ph.D. declare and say as follows: - 

1. I was awarded a Ph.D. in Microbiology by the University of California at Davis. CA in 
1975. 

2. After postdoctoral training and holding various research positions at Scripps Clinic and 
Research Foundation. La JoUa, CA. I joined Genentech. Inc.. South San Francisco. CA in 
1987. I am currently a Senior Scientist at the Department of Immunology/Discovery 
Research of Genentech. Inc. 

3. My scientific CumculumVitae is attached to and forms part of this Declaration. 

4. I am familiar with the Mixed Lymphocyte Reaction (MLR) assay, which has been used 
by me and others under my supervision, to test the immune stimulatory or immune 
inhibitory activity of novel polypeptides discovered in Genentech's Secreted Protein 
Discovery Initiative project. 

5. The MLR assay is a well known and widely used proliferative assay of T-cell function, 
the basic protocols of which are described, for example, in Current Protocols in 
Inunaaologx Vol. 1. Richard Coico. Series Ed.. JohnWiley & Sons. Inc.. 1991. Unit 3.12. 
(Exhibit A). This pubUcation is incorporated by reference in the description of the MLR 
protocol in tiie present application. 




6. The T-Iynq)hocytes or "T-cells" of our immune system can be induced to proliferate by a 
variety of agents. The MLR assay is designed to study a particularly important induction 
mechanism whereby responsive T-<:ells are cultured together (or "mixed"), with other 
lymphocytes that are "allogeneic", e.g. lymphocytes that are taken from different 
individuals of the same species. In the MLR protocol of the present application, a 
suspension of PBMCs that includes responder T-cclls, is cultured with aUogeneic PBMCs 
that piedominanay contain dendritic cells. AccOTding to the protocol, the allogeneic 
"stimulator" PBMCs are irradiated at a dose of 3000 Rad. This irradiation is done in 
order to create a sample of cells that has mainly dendritic cells. It is known that the 
dendritic cell population among the PBMCs are differentially affected by irradiation. At 
low doses (500-10{K) Rad), the proliferation of most ceUs, includmg the B cells in the 
PBMCs, is preserved, however, at doses above 2000 Rad, this function of B cells is 
abolished. Dendritic cells on the odier hand, maintain their antigen presentation function 
even at a 3000 Rad dose of radiation. (See, e.g. Current Protocols in Inununology, supra, 
at 3,12.9). Accordingly, under the conditions of the MLR assay used to test the PRO 
polypeptides of tiie present invention, the stimulator PBMCs remaining after irradiation 
are essentially dendritic cells. 

7. Dendritic cells are the most potent antigen-presenting cells, which are able to "prime" 
naive T cells in vivo. They carry on tiieir surface high levels of major histocompatibility 
complex (MHC) products, the primary antigens for stimulating T-cell proliferation. 
Dendritic ceDs provide tiie TK:ells with potent and needed accessory or costimulatory 
substances, in addition to giving them the T-cell maturing antigenic signal to begin 
proliferation and carry out their function. Once activated by dendritic cells, the T-ceUs 
are capable of interacting with other antigen presenting B ceUs and macrophages to 
produce additional immune responses from these ceUs, For fiirdier details about the 
properties and role of dendritic ceUs in immune-based therapies see, e.g. Steinman, Drug 
NewsPerspect, 13(10):581-586 (Exhibit B). 

8. The MLR assay of tiie present application is designed to measure die ability of a test 
substance to "drive" tiie dendritic cells to induce tiie proliferation of T-cells tiiat are 
activated, or co-stimulated in tiie MLR, and thus identifies immune stimulants tiiat can 
boost tiie immune system to respond to a particular antigen tfiat may not have been 
immunologically active previously. 
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9. Such immune stimulants find important clinical applications. For example, IL-12 is a 
known immune stimulant, which has been shown to stimulate T-<:ell proliferation in the 
MLR assay, IL- 12 was first identified in just such an MLR [Gubler et al. PNAS 88, 
4143 (1991) (Exhibit Q]. In a recent cancer vaccine trial, researchers fix)m the 
University of Chicago and Genetics Institute (Cambridge, MA) have demonstrated the 
efficacy of the approach, relying on the immune stimulatory activity of lL-12, for the 
treatment 6f melanoma. [Peterson et al. Journal of Cl inical Oncology 21 (12), 2342-48 
(2003) (Exhibit D)] They extracted circulating white blood cells carrying one or more 
markers of melanoma cells, isolated the antigen, and returned them to the patients. 
Normally patients would not have an inmiune response to his or her own human antigens. 
The patients were then treated with different doses of IL-12, an immune stimulant 
capable of inducing the proliferation of T cells that have been co-stimulated by dendritic 
cells. Due to the immune stimulatory effect of IL-12, the treatment provided superior 
results in comparison to earlier work, where patients' own dendritic cells were prepared 
from peripheral blood mononuclear cells (PBMCs), treated with antigens, then cultured 
in vitro and returned to the patient to stimulate anti-cancer response. [Thumer et al, J. 
Ex p. Med. 190 (1 1), 1669-78 (1999) (Exhibit E)l. 

10. It is my considered scientific opinion that a PRO polypeptide shovra to stimulate T-cell 
proliferation in the MLR assay of the present invention with an activity at least 180% of 
the control, as specified in the present application, is expected to have the type of activity 
as that exhibited by IL-12, and would therefore find practical utility as an immune 
stimulant. Some PRO polypeptides do the reverse, and give inhibition of T-cell 
proliferation in the MLR assay. It is my considered scientific opinion that a PRO 
polypeptide shown to inhibit T-ceU proliferation in the MLR assay where the activity is 
observed as 80% or less of the control, as specified in the present application, would be 
expected to find practical utility when an inhibition of the inunune response is desired, 
such as in autoimmune diseases. 



Dated:. 




Sherman Pong, Ph,D. 
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Froliferattive Assays for T Cell FemctioB 

A number of agents can specificaUy or nonspecifically induce T cell activation, resulting 
in cytokine production, cytokine receptor expression, and ultimately proliferation of the 
activated T cells. Although proliferation is not a specific effectw function of T lympho- 
cytes^ contrast to helper function for B lymphocytes (units.io) or cytotoxicity (urn 
3 j;v_prQliferation assays are reliable, simple, and easy to perform and have been widely 
used to assess the overall immunocon^tence of an animal. In iaddition, the assays 
described in this unit form the basis for identifying the iappro^iate ceUular p(^ulation 
that might be used to obtain T ceU clones (vnitjjs) or T ceU hybridomas (UNir3.i4). 

the assays have been divided into two groups on the basis of whether they are used to 
stimulate primed or unprinaed T lymphocytes. The first basic protocol describes the use 
of agents that are capable of activating unprimed T lymphocytes in culture either by 
phMHiacologic means (calcium ionophore and phoibol ester stimulation), by direct 
cross-linking of the T cell receptor (TCR) on a large percentage of respond^ cells 
(anti-CD3, anti-TCR-76, ot anti-TCR-aP monoclonal antibodies), by cross-linking the 
receptors on certain subpopulations of Tcells witii monoclonal antibodies specific for tiie 
V regions of B chauis of tiie TCR (anti-VP) or with enterotoxins specific for certain 
ypJIain regions, or by indirectty cross-linkingtheTCR Gectinsormonoclond antibodi^ 
to^on-TCR antigens). The first alternate protocol describes the use of plate-bound 
antibodies specific for tiie TCR to stimulate proliferation. The second alternate protocol 
describes die activation of unprimed T ceUs to cell-associated antigens in die mixed 
leukocyte reaction (MLR). The first support protocol describes tiie preparation anduse 
of T cell-depleted accessory or stimulator cells and the second support protocol describes 
methods for blocking accessory ceU proliferation. Fmally, tiie second basic protocol 
describes tiie induction of a TceU proliferative response to sohible protein antigens or to 
ceU-associated antigens against which flie animal has been prin»d in vivo. 

Hie assays in tiiis unit employ murine T lymphocytes. Induction of proliferative responses 
of murine B lymphocytes is described m unit 3.10. Related assays for use witii human 
peripheral blood lymphocytes are described in yAW7.9. 

NOTE: All solutions and equipment coming into contact witii cells must be sterile, and 
proper sterile technique should be used accordingly. 

ACTIVATION OF UNPRIMED T CELLS 

UnDrimed T cells can be induced to proUferate by a variety of agents, including pharma- 
cological agents, anti-CD3/TCR or anti-Thy-1 monoclonal antibodies, enterotoxms and 
lectins nie commentary briefly describes tiie specificities of diese agents, while Table 
3 12 1 lists sources and concentrations for use in tiiis protocol. Altiiough tins procedure 
is intended to measure proliferation of T cells specifically, in many cases induction of T 
ceU proliferation is dependent on tiie presences of non-T ceUs tiiat function as accessory 
cells The latter provide additional costiraulatory signals for T ceU proliferation as well 
as cross-link (via tiieir Fc receptois) monoclonal antibodies bound to cell-surface anti- 
gens The requirement for non-T accessoiy cells varies wifli tiie nature of tiie stimulatory 
Land and can range ftom absolute dependence to accessory ceU-independent T cell 
activation (see Table 3.12.1). The activation is calculated after determiniiig tiie difference 
in incorporation of ['H]diyraidine between stimulated and control cells. 
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Table 3.1 2.1 Agents Used to Adivale Unprimed T CeBs in Proliferative Assays 



Agent« 


Source/ 
cat no.^ 


Concentration 


Accessory 
cclls^ 


PMA 


SIGP8139 


l-lOiig/ml 


No 


lonomydn 


CAL 407950 


200-500 ng/ml 


No 


A23187 


CAL 100105 


100-500 ng/ml 


No 


PHA 


WDHAlo 


I'D ^gnni 


Yes 


Con A 


PH 174)450-01 


1-10 ^g/ml 


Yes 


Anti-Thy-l 


PGmAW37 


1-50 \igfml 


Yes*^ 


Anti-CD3 


PGHM-CD3 


0.1-5 jig/ml 


Yes' 


Anti-TCR-aP 


PGHM-AB- 


0.1-10 jig/ml 


Yes' 


Anti-TC3l-T6 


PGHM-GD- 
TCR-1; 

HM-GD-TCR-3 


0.1-100 ^gtol 


No 


Anti-Vp-8.1, 


PGMM-Vp- 
TCR.l 


0.1-100 jig/ml 


No 




PGRM-VP- 
TCR-2 


0.1-lOU (ig/nii 




And-VB-ll 


PGRM-Vp- 
T€R-3 


0.1-100 ^lg/Inl 


No 


Staph toxA 


TTATlOl 


MO^g^ml 


Yesf 


Sta^h tox B 


TTBT202; 
SIGS4881 


1-100 ^g/ml 


YesF 


Sta|^ tox £ 


TT ET404 


l-lOng/ml 


Yes* 



Mode of action, etc. 



Use wifli ionomycin or 
A23187; pharmacologic 

Usewi&PMA; 
phannacdog^c 

UsewithPMA; 
phaimacologic 

Indirect TCR 
cross-linking 

IndirectTCR 
cross*linking 

IridutsctTCR 
cross*linking 

Use plate-bound or 
soluble; direct TCR 
CTOss-linking 

Use plate-bound or 
soluble; direct TCR 
cross-linking 

Use plate-bound; direct 
TCR cross-linking 

Use plate-bound; direct 
TCR cross-linldng 

Use plate-bound; direct 
ICR cross-linking 

Use plate-bound; direct 
TCR cross-linking 

Vp-U,10.11,17- 
lec^tor specificity 

YP-3,7,8,17Hreceptor 
spedficity 

Vp.ll,15,17-receptor 
specificity 



lox A. B, & E, Stcphylococcus eaterocoxins A, B , & E. 

^Supplier addresses and phone numbcis are provided in A^rEHoa s,m^foD^QhL, Calbiochcm; TO. 
SSngea; PH, Pharmada LKB; SIG, Sigma; TT. Town Tcdmology; WD. Wdlcomc Diagnostics. 
.When using an«3>3 and anli-TCR antibodies in soluble form (ratbtr than plirtc^ttagi, accessocy cdls arc 
jequircd. W»cn using Staph enterotoxins. acocsswy cells must express apprppnalc MHC dass H molecules. 
Accessory ccH dependence is Mtahsohilc with ami-Tlo^ antibodies. 
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Materials 

Complete RPMI-5 and RPMI-10 media (Ai'f£NDiJr2) 
Responder cells: lymphocytes from nonimmunized mouse thymus, spleen, or 

lymph nodes (wwrj-J) 
Activating agent(s) (Table 3.12.1) 
Phosphate-buffered saline (PBS: APf^NDKZ) 

Accessory cells: unfiractionated mouse spleen cell suspension, irradiated or 
treated with mitomycin C (second support protocol OTTcell-dqpleted 

(first siqpport protocol) 
plljthymidine (/iP/'BNDff 3). 

15- and 4-ml disposable, polystyrene conical tubes wilh screw caps 
Low-speed centrifuge with SorvaU H-IOOOB rotor (or equivalenO 
1-, 5-, and lO-ml disposable polystyrene pipets 

96-well flat- or round-bottom microtiter plates with lids (Costar #3596 or #3799) 
25- to 100-Ml single- and multichannel jttpettors with disposable tips 

Additional reagents and equipmoit for rcmovmg organs (unit is), preparing 
single-cell suspensions (iflWTAi), and counting, labeling, and harvestmg 

ccUs (APPENDIX 3) 

1. Prepare responder leukocyte suspensions from thymus, spleen, or lymph node in 
complete RPMI-5 as described in vnitH. 

Thesize cfiheintendedexperimeTad^tatestheniarberqf organs to becoUected. See 
annotation to step 3 for an indication of cell number required, and VNJr3.l for number 
of cells per organ. Spleen, thymus, and lymph node can be used as responder cells.^ 
whOe only spleen is a source cf accessory cells. PunfiedT cells orsubpopulations of 
T cells (Le.. CD4* or CDS*) cells may also be used. See ums 3.1-3.6 for enrichment/ 
depletion methods. 

2 Centrifiige single-cell suspensions in 15-ml conical tubes for 10 min in Sorvall 
' H-IOOOB rotor at -1000 rpm (200 x g), room temperature, and discard supernatant 
3. ResuspendceU peflet in complete M>MI-5. Count responder ceUs and adjust to -10« 
ceUs/ml with ccMnplete RPMI-10. 

WhiU this concentration (1 x l(fi cellsAnl or 2 x l(f ceUsA^eU) ^.f''^^^''^^ 

responses with most ceU populations, it is useful to compare2. 4. ondSx J0» cells per 

wea in initial pUot experiments. ffunfracttonatedspUen or lymph node cells are used 

as the responderpopulation. sitfficient accessory celU an prueramdtfu^ 

to suppUment the cultures with additional celh. However. ifhigMypunJUdTcelb or 

T ceUsubpopulations an used as nsponders. U will be necessay to add rum^ 

accessorycellsdependingonthenatuntftheactivatingagent(^^^^ 

is most easUy accomplished by adding mereasmg numbers (0.1. 0.5. and I.O X10')qt 

syngeneicspUen(accessory)celUin0.1mlto2xJ(fiTcellsiri0.1ml(seefirsts^^ 

protocol). Also, a meaningful comparison qf the responsiveness ofdiffenntcell 

populations nguins titrations of both the activating agents as weU as the nspondmg 

cell populations, and a Mnetic experiment. 

4 Prepare working solutions of activating agents in 4-ml conical tubes at roomtemper- 
" atureas follows. For MAb. toxin, or lectin, make a series of four diluUons from 1 
mg/ml stock solutions-e.g.. 100,30, 10,and3jig/nilinPBS.Fortiiepharinacolog- 
ic5 agent, make single dilutions of 100 ng/ml solution of PMA and 1 Hg/nd A23187 
(or 4 ^g/ml ionomycin) in PBS. 

If MAb in supernatant or ascites form are being used, at least four dilutions should 
alsobeused Woiidng solutions should be used immediate^ since the various proteins, 
especially MAb, may bind to the plastic. 
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See Table 3J2J for Vp specificities of staphylococcal enterotoxins. It is essential to 
verify thai the mouse strain employed expresses the MHC class II surface molecules 
for which the enterotoxin has a specifk binding infinity. See Marrack and Kappler 
(1989) for further discussion of various enteroxins and their specificities, 

5 . Add 20 \il of each dilution of activating reagent (MAb, enterotoxin or lectin) to each 
of three wells of a 96-well flat- or round-bottom microtiter plate. Include control wells 
wifli 20 Hi of PBS only. Add 20 pJ PMA or calcium ionophore at the single 
concentration indicated in step 4, as the dose-response curve for these agents is 
extremely narrow. 

A series of four dilutions will form one row of each microtiter plate^ allowing for 
efficient organization of the plates, 

6. To the weDs of the 96-well microtiter plate containing activating agent, add 2 x 10^ 
cells in 0.2 ml. 

7. Place microtiter plates in a humidified 5% CO2 inciibator for 2 to 4 days. 

Optimum culture periods for stimulating cells will vary depending on cell type and 
laboratory conditions and must be ^determined empirically (see critical parameters), 

8. Add pH]thymidine to each well Return the plates to CO2 incubator to pulse 18 to 24 
hr. Harvest cells using a semiaiitomated sample harvester and measure cpm in P 
scintillation counter. 

9£L Compute the data as the difference in cpm of stimulated (experini^ntal) and control 
(no activating agent added) cultures. This is done by subtracting the arithmetic mean 
of cpm from triplicate control cultures £rom the arithmetic mean of cpm from 
corresponding stimulated cultures. The results are referred to as **A cpm." 

9b. Alternatively, compute the data as the ratio of cpm of stitmilated and control cultures. 
Hiis is done by dividing the arithmetic mean of cpm from stimulated cultures by the 
arithmetic mean of cpm from control cultures. Hie results are referred to "SF 
(stimulation index). 

The second method (step 9b) has the disadvantage that small changes in background 
values will result in large changes in SI and should be interpreted with caution. In most 
publications, A cpm rather than SI values are preferred. 
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ACiWATION OF UNPRIMED T CELLS WITBI 
PLATE-BOUMI) ANTIBODBES 

Although it is possible to induce T cell activation with monoclonal antibodies to the 
CD3/TCR complex in solution during culture, such activation depends on cross-linking 
of tiie antibody by Fc receptor-bearing accessory cells. This protocol describes the use 
of monoclonal antibodies to the CD3/TCR conqilex by coupling them to the wells of flie 
microtiter plates. The T cell proliferative response induced under these conditions does 
not require the presence of sigiuficant numbers of accessory cells* although the responses 
obtained may be suboptimal (Jenkins et al,» 1990). 

Use of this protocol is recommended for use with those antibodies to the CD3/TCR 
complex which bind poorly to the Fc receptor present on murine accessory cells and which 
do not induce Tcell activation in soluble form. Although all monoclonal antibodies readily 
couple to plastic under these conditions, it is Very difficult to induce a proliferative 
response with certain antibodies such as the G7, anti-Thy-1 monoclonal antitody. In such 
cases, the conditions described in the basic protocol should be followed. 
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Additional Materials 

PBS (>i/'/'£WD^ 2), room temperature and 4**C 

1 mc/ml purified anti-CD3 or anti-TCR MAb in PBS (for nonspecific activation 
of T cells) or 1 mg/ml purified anti-Vp or anti*TCR-Y5 MAb in PBS (for 
activation of T cells with specific receptors; see Table 3.12.1) 

1 In 4.rnlcotdcal polystyrene tubes, prepare a series of four dilutions of MAb froni 
sterile 1 mg/ml stock solutions-^.g., 100, 10, 1, and 0.1 ^ig/ml— using room 
temperature PBS. 

Sources and recommended concentrations of monoclonal antibodies can be found in 
Table 3J2J; since MAb will bind to plastic, the working dilutions should be used 
immediately. 

The ability cf anti-TCR antibodies to cross-link receptor molecules varies depending 
on the purity of ^ MAb preparation and the affinity of the MAb for the TCR/CD3 
complex. Optimum dilutions will have to be determined in dose-response experiments. 
Alternatively, preparations of ascites fluid fiom the MAb can be tested at different 
dilutions {e.g., I:m, 1:200, 1:400, and I:mhbut^^ 
for better standardization of the assay. 

Because the efficacy cfMAb-induced activation depends on the amount of antibody 
bound to the bottom cfthe wells, it is crucial to make the dilutions in a buffer without 
any additional source of proteins such as PCS or albumin; these would compete with 
the binding of the antibody, and therefore reduce the responsiveness. For this reason, 
it is also not recommended to perform the assay with culture supematants of the 
appropriate hybridomas. 

2 Add 30 jil of each concentration of MAb solution to each of diree wells of a 96-well 
round-bottom microtiter plate. Include control wells of 30 pi PBS only. 

A series of four dilutions will form one row of each plate, allowing for efficient 
organization of the plates. Consistently better responses are seen with round-bottom 
(compared with flat-bottom) plates in antibody-mediated experiments. 

Most often, optimal responses are seen with 10 pg/ml antibody. There is no point in 
adding more than the indicated amount of antibody, since the maximum amount thai 
can bind to surface of the wells is -2 to 3^ {AM.K., unpub. observ.). 

3 Cover the plate and gently tap its side to ensure complete covering of the bottom of 
the wells. Incubate plates 90 min at 3TC. During incubation, proceed to step 4. 

During this incubation, the antibodies bind to die plastic in the wells for subsequent 
cross-linking of the Tcell receptors on responding T cells. Plates can also be prepared 
the night before an experiment and kept in the refrigerator overnight, c^er the 3TC 
incubation. 

4. Prepare responder cell suspensions as in steps 1 to 3 of the basic protocol. 

Highly purified T cell populations can be used in these sUidies as the proliferative 
response induced is accessory cell-independent However, the presence of non~T 
accessory, cells does not interfere with the prol^erative response, 

5 Wash the wells of the incubated plates by adding 200 cold PBS and inverting the 
plates with a flick of the hand on a stack of paper towels placed in a tissue culture 
hood. Repeat washing procedure two more times to remove excess antibody. 

6. To the weUs of the washed plates, add -2 x 10^ cells in 0.2 ml. 

If cells are not ready at tJus stage, plates may be kept in the refrigerator overnight after 
100 ul PBS has been added Presumably, longer storage periods should be acceptable, 
but our experience is limited to<4day periods. The PBS should be removed brfore 
the cells are added 
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Most cell populations will give peak responsiveness as this cell dosage, but pilot 
experiments should be performed to establish optimal conditions, 

7. Proceed as in steps 7 to 9 of the basic protocol, but incubate cultures for 2 to 3 days 
before adding [^HJthymidine. 

Kinetic assays should be performed to determine the optimum culture period. 

T CELL PROLIFERATION IN MIXED LYMPHOCYTE CULTUMS 

In the mixed lymphocyte culture (MLC) or reaction (MLR), suspeaisions of responder T 
cells are cultured with allogeneic stimulatw lymphocytes. The activating stimulus is the 
foreign histocompatibility antigen (usually MHC class I oc class II molecules) expressed 
on the allogeneic stimulator cells. Responder cells need not be prin^ because a suffi- 
ciently high number of T cells in the MLC will respond to the stimulator population. If 
the stimulator cell population contains T cells, their uptake of pHlthymidine must be 
prevented by irradiation or treatment with mitomycin C; alternatively the stimulator cell 
suspension can be depleted of T cells (see support protocols). 

Additioma Materials 

Responder cells: lymphocytes from noninmiunized mouse thymus, spleen, or lymph 

nodes {units is d 3J) or jwuified T cells or T cell subpopulations (vntisu-sm) 
Stimulator cells: allogeneic mouse spleen cells that dxSet from the responder cells 

at or AfZs loci, irradiated or treated with nutomycin C (second support 

protocol) or T cell-depleted (first support protocol) 

1. Prepare responds cell populations as in steps 1 to 3 of the basic protocol. Although 
unfractionated cell populations can be used as responders in certain situaticms, it may 
be preferable to use purified T ceUs or T cell subsets. 

To estimate the MLR of a cell population, it is necessary to perform a dose-response 
assay with different numbers qf responder cells. TypicaUy. three reflate wells are set 
up containing each ofthefoUawing: 0.5. 1,2,and4xl(fi cells (optimal responses are 
usually obtained with the latter two densities). The setup for these four ceU densities 
will occupy one row (12 weUs) of a microtiter plate. 

For thymocytes, it may be necessary to use 8x10^ cells per weU because the frequency 
of responding T cells is lower; the lowest number of responder cells could then belx 
10^ and the doses in between would be 2 and 4x10^. Using this range qf higher 
numbers of responder cells may also be preferred when experimental manipulations 
are expected to reduce the frequency qf responding T cells. 

2. To a 96- well microtiter plate, add 5 x 10* to 4 x 1 0* responder cells in 0. 1 ml to each 
well. For each experimental group, set up three replicate wells. 

Stimulation qf leukocytes for proliferation in PC-well microtiter plates can be run m 
parallel with cytotoxic T lymphocyte (CTL) generoHoh (UNtT3.nl which is performed 
in 24'WeU microtiter plates. For example, cells can be diluted to4xI(fi cells/ml and 
added to 24-well plates in LO ml/well for CTL generation and to PC-well plates in OA 
ml/well for proliferation. 

3. Prepare a single-cell suspension of irradiated or mitomycin C-treated stimulator cells. 
Alternatively, prepare a suspension of T-cell depleted stimulator cells. Add 0.1 ml to 
each well of the plates containing responder cells. 

The optimum rmmber of stimulator cells must be determined for each MLC and for 
different responder cells. For a range of responder cells from 0.5-4 x 10^, test 
stimulator cells at densities of 2, 4, and 8 x lO^/nd (Le., 2, 4, and 8 x ICP/well). It 
should be noted that the stvnulator cell suspension provides both the specific antigen 
to be recognized by the responder T cells as well as nonspecific accessory cells. If 



Current PnrtocoU in Inrnnmology 



highly purified T cells are used as the responder population, it is therefore not 
necessary to supplement the cultures with non-T accessory cells syngeneic to the 
responder T ceUs. 

Separate wells \yith control cultures should be set up that include — for each dose of 
responder and stimulator cells— replicate wells oif responder cells with irradiated or 
mitomycin G— treated syngeneic stimulator cells. Values obtained from these controls 
reflect *1)ackground" proliferation values (see step 9 of basic protocol). Other negative 
controls often included £ue wells with stimulator cells alone and wells with responder 
ceils alone. These are not used for the calculation of the data, but are useful to compare 
with the background proliferation values; the latter should not be much higher (<2-fold) 
than those obtained with stimulator or responder cells alone. Higher background values 
mdicate potential autoreactivity. 

4. Follow steps 7 to 9 of die basic protocol, but incubate the cultures for 3 to 6 days. 

Optimum culture periods for stimulating ceUs will vary deperuiing on cell type and 
laboratory conditions, and must be determined empiricaUy ( see critical parameters), 

DEPLETION OF T CELLS FROM 

AIOTGEN-PKESENllNG/STIMl^ CELL SUSPENSIONS 

Although nonnal un&actionated spleen cell populations can be used as a source of 
accessory ccUs, in certain types of experiments it may be preferable to use spleen cell 
populations from which die Tcells have been removed. Hiis procedure ensures that none 
of die observed proliferative responses of the responder population result from T cell 
factors dMived from the accessory cell population. For example, even T cells whose cell 
division has been bloclced (second support protocol) can produce cytokines. In the 
following steps, T celWepleted spleen cell suspensions are prepared using a Isrtic 
monoclonal antibody to the T cell antigen, Thy-1. Because ahnost all the antigen 
presentation or stimulator cell activity in spleen resides in the norh-T cell fraction, this 
procedure also leads to enrichmwit of functional antigen-presenting cell function. Furth^ 
enrichment of antigen-presenting cells (APC) by flotation of the T cell-depleted spleen 
cells on PercoU gradients is also described. Other procedures leading to emichment of 
APC are described elsewhere; flie method described in UNTr3J does not deplete T cells 
and therefore is not recommended here; the method described in unit 3.25 leads to higher 
levels of eruichment that are not required in Uie protocols presented here. 

Additional MaieriaJs 

Spleen cells from nonimmunized mice 

Hanks balanced salt solution (HBSS; iiF?£WZ)nf 2) 

Low-Tox rabbit complement (Cedarlane #CL3051), reconstituted with 

ice-cold distilled water and filter-st^ilized 
Anti-Thy-L2 ascites (HO-13-4; ArCC#TlB 99) or anti-Tby-l.l ascites 

(HO-22-1; ATCC fflTB 100; alternatively, see Table 3.4.1 for otiier 

anti-Thy-1 MAb and WOTZtf for production of ascites) 
70% PercoU solution {wrrxs and reag«its and solutions) 

1. Centrifuge the spleen cell suspension derived from single spleen down to a pellet 

The spleen cells should always be from nonprimed animals and should be syngeneic 
to the responder Tcells unless they are to be used as stimulator cells in the MLC, 

2. To the pellet, add 0.9 ml HBSS, 0.1 ml complenaent, and 25 jil anti-Thy-1 ascites. 

Ff cells from more than a single spleen are needed, the procedure should be scaled tq> 
accordingly 



SUPPORT 
PROTOCOL 



In Vitro Assays 

forMooseBand 

TCdlFanction 

3.12.7 



Cuntnt Protocols in ImrnanoJogy 



Supplcaisnt 17 



SUPPORT 
PR0VCOL 



PnOiferative 
Assays for T Cell 
Fondkm 

3.12 J 

Sttpptcmeot 17 



The choice ofanthThy-I reagent so be used depends on the strain of animal from which 
the spleen was derived. The great majority of commonly available mouse strains 
(except AKR) express the Thy'12 allele, 

3. Incubate the mixture at 45 min in a 37T water bath. 

4. Centrifuge 10 min in SorvaD H-IOOOB rotor at -1000 tpm (200 x g\ room tei^pera- 
ture, and discard supernatant Resuspend peUet in HBSS and wash two more time^ 

5. Count viable cells {appendix s) and resuspend in complete RPMI-10 or PBS for 
inactivation as in the second support protocol, or in HESS to prepare low-dmsity 
accessory cells (see below). 

The T cell-depleted spleen cell population is comprised of B cells, macrophages, and 
dendritic cells. Further enrichment of cells with enhanced accessory cell function can 
be obtained byfractionatimcfthis population on PercolL 

6. DUute 70% PercoU sohition to 55% by mixing 23.58 ml of the 70% Percoll with 6.42 
nil HESS. Resuspend T celWepleted spleen cells firom step 5 in HBSS at 20 x 10* 
cells/ml. 

7. Layer 3 ml cell suspension over 3 ml of 55% Percoll solution in a 15-ml couical 
centrifuge tube, 

8. Spin 13 inin in H-IOOOB rotor at 3000 rpm (1900 X g). room temperature 

9. Remove cells that band at the Percoll/HBSS interface with a 5-in. Pasteur pipet and 
wash 3 times in HBSS as in step 4. 

10. Count viable ceUs and resuspend in con^lete RPMI-10 for inactivation according to 
the second support protocol. 

The population obtained from steps 6 to 10 is comprised of large cells including, 
macrophages, dendrite ceUs, andacHvatedB lymphocyUs. This population of cells is 
enriched in accessory ceUfuncHon. When used in either of the basic protocols with 
purified T responder cells, fewer of the PercoU-purified cells should be needed to 
provide accessory function, 

BLOCmNG CELLUIARDIV^ 

Hiere arc two situations in which inhibition of accessory or stimulator ceU division should 
be blocked. When purified T cells rather than unfractionated lymphoid populations are 
used in the basic protocol, cultures are frequently supplemented with ^ssory cells 
syngeneic to the responder T cells. If accessory ceU DNA synthesis is inhibited, one can 
then be certain that the resultant proliferative response is comprised entirely of responder 
T ccfls and does not contain a component of recruited B cell proliferation derived from 
the accessory cell populations. In the MLR, the stimulator cells are spleen ceUs from mice 
that differ from the responder cells in H'2 and/or Mis gene expression (see appendix u 
Tkbles A.1C 1 and A. IF.l) and they can also recognize alloantigens on the responds: cells. 
This responsiveness of stunulator ceUs against responder cells in an MLR (son^aUed 
back-stimulation) must be prevented by blocking cellular division. This can be done by 
treatment of stimulator cells widi mitomycm C (a DNA cross-linking reagent) or by g 
iiradiation. Many investigators prefer mitomycin C treatment when aiitigenic differences 
encoded for by Mb genes arc to be measured, or when an irradiation source is not available. 
For morc infonnation on the loci encoding MU genes, see Tables A.1F^ and A,1F3. 

Mitomycin C IVeatmentt 

Additional Materials 

Mitomycin C (Sigma #M-0503; store in dark) 
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1 . In a 15-ml alumimim foil-wrapped tube, prepare a solution of mitomycin C in PBS 
at 0^ mg/ml and filter sterilize. 

Since mitomycin C is very light-sensitive,- it is necessary to prepare afresh stock 
solution each day for each experiment 

2. Prepare spleen cell suspension as described in steps 1 and 2 of the basic protocol at 
a concentration of 5 X 10^ cells/ml in PBS. 

3. Add mitomycin C to afinal concentration of 50 jig/ml (100 nl/rnl of cell suspension) 
and wrap the tube in aluminum foil. Incubate 20 niin at 37**C. 

4 Add an excess of complete RPMI-5 (Le., fiH tube with -12 ml) and centrifuge 10 win 
in SorvaU H-IOOOB rotor at 1200 rpra (300 x ^). Discard supernatant and repeat 
washing procedure two more times. 

jjiree washes are cnwial, because any traces of mUomycinC left amo 
reduce proliferative responses when the cells are added to an MJJl 

5. Resuspend pellet in comp\t\& RPMI-10. Count cells with hemacytometer. Adjust to 
desired concentration as described in the annotation to step 6 of the basic protocol. 

Prepare a spleen cell suspension as described in steps 1 to 3 of the basic protocol at a 
final concratration of 5-lOx 10*ceUs/ml in completeRPMI-lO.Usingasouice of ionizing 
irradiation C^o or *^Cs T^irradiator, e.g., GamnaceD 1000, Nordion). deliver 1000 to 
2000 rad of irradiation to the cells. 

Hiis dose range of irradiation is suitable for naost inamunolbgic applications enq)loying 
spleen cell suspensions. However, antigen presentation by different spleen cells is 
differentially aflfectedby in:adiation(AshweUetal., 1984): at low doses (500 to 1000 rad), 
antigen-presenting function of B cells is preserved; after doses of 1100 to 2000 rad, a 
substantial decline is observed; and doses >2000 rad abolish the partidpation of B cells 
as APC Macrophages and dendritic cells, on the other hand, mamtam antigen presentation 
thraigh doses of 3000 rad. To ensure that B cells do not participate in the responses 
measured, son» investigators prefer to use doses of 2000 rad. However, responsiveness 
to Mis antigens can best be measured with stimulator cells that received doses of <1000 
rad. since B cells present Mb more effectively. Alternatively, Mis responsiveness can be 
measured after mitomycin C treatn^nt of stimulator cells, since it also preserves the 
antigen-presentation function of B cells. 

When transformed cell lines are used as antigen-presenting or accessory cells, higher 
doses must be used to ensure blockage of cell division. The ^propriate dose wUl have to 
be determined empirically for each cell line, but is likely to be at least 5000 rad; some 
transformed ceU lines require as much as 10,000 to 12,000 rad, and may be more sensitive 
to mitomycin C treatment 

ACTIVATION OF PRIMED T CELLS 
Proliferative responses to viruses, protein antigens, minor transplaiitation antigens, and 
the male H-Y antigen require in vivo inmranization followed by in vitro stimulation. 
Furthermore, enhanced proliferative responses to those antigeais that will generate pri- 
mary in vitro responses (i.e., MHC antigens) can be obtained by in vivo priming. Multiple 
immunizations usually elevate in vitro responses. 
To immunize animals for in vitro secondary responses to soluble protein antigens or 
peptides, dissolve antigens and emulsify in complete Freunds adjuvant {vmr 2j). For 
strong r^ponscs by draining lymph node cells, immunize animals in a hind footpad. For 
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Strong responses by spleen cells, immunize intraperitoneally. Tail-base immunization also 
can be used as an efficient route of immunization; follow procedure for intradermal 
injection. To prime animals against cellular antigens, inject intraperitoneally with 1-5 x 
10^ cells that express the antigen. Immunization protocols are described in vmrL6, 

Within 2 to 3 weeks after in vivo priming, in vitro responsiveness of primed T cells can 
usually be measured. This assay is often used as a preparation for subsequent in vitro 
cloning iH^ocedures {vmsj4) and T cell hybridoma preparation {umrxiB), 

Materials 

Complete RPM-10 niedium (AP/>£M)JX2) 

Responder ceUs: Purified T cdls isolated fnjm lymph nodes (l//OT5J.^i^^ 
in vivo primed mice 

Antigen: 1 mg/inl sterile protein antigen(s) (vmrsji), in PBS or suspension of 
irradiated or noitomycin C-tieated stimulator cells expressing alloantigens 
at 8 X 10* cells/ml (mirsAi, support protocol) in complete RPMI-10 medium 

{APPENDIX2) 

Accessory cells: suspension of irradiated or mitomycin C-treated (or T ceD- 
depleted) spleen cells syngeneic to the re^nding T cells at S x 10* cells/nd 
in complete RPMI*10 medium 

4-ml conical tubes 

96-well flat-bottom microtiter plates with lids 

1 . Follow steps 1 to 3 of the first basic protocol for preparadon of responder cells. 

2. Prepare 4-fold dilution series of the antigens in 4-ml conical tubes, using complete 
RPMI-10. 

The following dilutions are recommended: 100, 10, 1, and OJ pg/nd protein antigens 
and 8, 4, 2, and I x 10 cells/ml cf stimulator cells in complete medium. 

3. Add antigens to 96-well flat-bottom microtiter plates, at 30 pl/well for protein 
antigens or 100 fil/well for cellular antigens. For each experimental group, set up 
three replicate wells and include control wells with medium only (no antigen). 

By using four concentrations of antigens and three replicate wells for each dose, one 
row of a microtiter plate wUl cover the entire tested range. 

4. Add responder T cells in 0.1 ml to each well. 

Purified T cells are recommended: otherwise extremely high background values may 
be obtained This appears to be due in part to proliferation of recruited cells (T ajid 
noTh-T) that are not antigen-specific. Ifunfractionated lymph node cells from recently 
primed mice are used, add 1 '2 xlO' cells per well and proceed to step 6. 

5. If purified lymph node T cells specific for protein antigens are used, add 0.1 ml of 
accessory spleen cells syngeneic to the donor of the responder T cells at 5 x 1 0* cells 
per well. 

Purified T cells require ah exogenous source of accessory non-TceUs. Accessory cells 
function both as antigen-presenting cells and as a source of undefined "second 
signals. '* They are not required for cell preparations primed against cellular antigens, 
because accessory cell function is provided by the stimulator cells. 

6. Proceed as in steps 7 to 9 of the basic protocol. 

Culture periods before labeling can vary widely and kinetic assays should be per- 
formed In general, for T cells from primed mice, it is likely that the response will peak 
at day 4 or 5. 
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:REAGENTnS AND SOLUTIONS 

Percoll solution 
Diluent: 

45 ml lOx PBS, pH 7.4 (appendix 2) 

3ml0.6MHCl 

132inlH20 

Filter sterilize 

70% Percoll solution: 

63 inl Percoll (Pharmacia LKB #170891-01) 

37 ml sterile diluent (above) 

Final osmolari^ should be 3 10 to 320 osM 



COMMENTARY 

BacBcgroimd Infonnatiom 

Proliferative assays for measuring T cell 
function have certain advantages and disadvan- 
tages compared to the cytotoxic T lymi^ocytc 
(CTL) assay described in um SM or the 
lympbQldne production assays in vmrssJSASJ, 
Advantages are that proliferative assays are 
less time-ccmsunring, less labor-intensive, less 
cdl-consuming, and less expensive than "true" 
effector T cell fiinction assays. A disadvantage 
is that antigen specificity is not as easily dem- 
onstrated in proliferative assays as in CTL 
assays, unless antigen-specific clones of pro- 
liferating cells are used. Furthermore, the pro- 
liferative assay only detects dividing cells in- 
stead of measuring true effectorXcell function. 

It is not clear which T cell function is mea- 
sured in prolifoBdve assays; the proliferative 
response should therefore be used solely as 
g^eral indicators of T cell reactivity. Data 
obtained in proliferative assays might vari- 
ously reflert proliferation of CTL, lymphok- 
ine-producing T cells, cm- nonactivated "by- 
stander" cells, and will be severely affected by 
the function of non-T cells such as accessory 
cells (see below). Since die majority of T cells 
respond to and produce JLr2 upon activation, 
differences in responsiveness in a proliferative 
assay in part reflect differences in IL-2 produc- 
tion by the responding T cells. Proliferative 
assays therefore become more meaningful 
when combined with the lymj^okir^e detection 
assays presented in umsxjs a dj. Since respon- 
siveness to IL-2 is also determined by the levels 
and functionality of BLr2 receptors, fortiier in- 
formation will te added by including measure- 
ments of IL-2 recejrtors (unit 6.1) or by flow 
cytometry {umuy Yet, as a first approxima- 
tion of cellular activation, proliferative assays 
are valuable 
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Parameters affecting the magnitude ofTcell 
proliferative responses include cell concentra- 
tion, type of medium, source of serum, incuba- 
Vx conditions (CO2 levd and humidi^), type 
arKl concentration of activating agent, type of 
responding T cells, type of accessory/ sthniila- 
tCK* cells, mouse strain, and culture time. Opti- 
mal conditions for individual laboratories aiui 
experiments must be derived emphicaUy with 
respect to these variables, but general guide- 
lines are provided below. 

Anumber of agents can be employed in the 
first basicprotocoltolnduceTcell proliferation 
(Table 3.12.1). T cells naay be activated by 
pharmacologic means by prodiK^ing an eleva- 
tion of intraceUular fiee calcium with a calcium 
ionophore combined with activation of protein 
kinase C with a phorbol ester. The most durect 
means of inducing T cell activaticm involves 
stimulation with monoclonal antibodies diat 
interact witii the CD3/TCR complex— i.e., 
anti-CD3, anti-TCR-op or as well as anti- 
antibodies that are capable of interacting 
with a subset of cells bearing a specific TCR. 
A vigorous T cell proliferative response of 
defined subsets can also be induced with cer- 
tain bacterial toxins known as staphylococcal 
entexotoxins. Tl^se toxins are often referred to 
as "superantigens" (Marrack and Kappler, 
1989) because they stimulate T cells via the 
variable (V) gene segment of tiie TCR. Differ- 
ent toxins have afBnities for different Vp chains 
arKi these specificities make tiiem valuable re- 
agents for activating T cells. The activating 
capacity of toxins is also dq>endent on their 
ability to bixKi to MHC class II molecules 0-e., 
responding T cells react with the toxin/class n 
complex); tfius, responsiveness varies with the 
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niouse strain used. Lectins such as phytobc- 
magglutinin (PHA) and concanavalin A (Con 
A) have been widely used for many years to 
activate T cells. Although the precise mecha- 
nism of action of these agents is unknown, it is 
likely that lectins activate T cells by indirectly 
cross-linking the TCR because TCR-negatiYe 
cells will not respond to these agents. Lastly, it 
is also possible to induce T cell activation with 
monoclonal antibodies to cell-surface antigens 
other than the TCR; this protocol employs die 
G7 monoclonal antibotfy, one of the most ef- 
fective of the anti-Hiy-l activators (Gunter et 
al.. 1984). 

When comparing the reactivity of different 
cell populations, it is essential to perform dosc- 
jt^sponse assays for rcsponder T cells and acti- 
vating agents and fcM: both respohder and stim- 
ulator T ceUs (in MLR), since eadi population 
may yield optimal responses at different cell 
numbers* This may reflect differences in fre- 
quency of responding cells, and hence may 
indicate a need to perfom limidng dilution 
assays {twrr^Js), Since peak responsiveness of 
different populations of T cells may occur at 
different times, it is also essential to perform 
kinetic experiments— i.e,, compare respon- 
siveness at days 2, 3, 4, and 5. 

Differences in responsiveness need not nec- 
essarily be due to differences in the frequency 
of responding T cells, but may also indicate 
differences in the efficacy with which co-stim- 
ulatory activity or "second signals" are deliv- 
ered by tfie accessory cells laesent in different 
cell populations. The type of interactions per- 
tinent to the generation of primary responses 
by T cells is explained in the commentaries of 
UNITS S.S, JJh a 3J3. Specific requirements for 
inducing activation with immobilized antibod- 
ies have been described (Stacrz and Bevan, 
1986; Hathcock et al., 1989; Jenkins et al., 
1990). A responding cell population com- 
pletely devoid of accessory cells (such as puri- 
fied populations of splenic or lymph node T 
cells cloned T cells) will yield fine respon- 
siveness in an MLC, since accessory cell func- 
tion is provided by the stimulator cells; how- 
ever, tiie same population will generally not 
yield responses when mitogens, antigens, or 
ent«otoxins are used In such a setting, acces- 
sory cells may also function as antigen-present- 
ing cells (APC), Addition of irradiated or mi- 
tomycin CMreated syngeneic sources of acccs- 
soiy cells (either whole spleen cells or purified 
APC; see first support protocol) can be used to 
restore responsiveness in purified T ccDs. Hie 
need for accessory cells can sometimes be 



bypassed when anti-TCR monoclonal antibod- 
ies are coupled to plastic, or when certain anti- 
Thy-1 monoclonal antibodies arc used; how- 
ever, these conditions do not necessarily result 
in optimal responsiveness (Jenkins et al., 
1990). 

The level of pHlthymidine incoiporafion 
should not be regarded only as a reflection of 
cellular proliferation: some nondividing cells 
will syntheaze DNA and "cold" thynu(fine 
released by disintegrating cells will coinpete 
with incorporation of labeled thymidine. 
Therefore, measurements of DNA synthesis 
should be accompanied by counting viable 
ceUs over the length of the culture period if a 
true estimate of cellular proUfention is to be 
obtained. Of course, cell death of nonactivated 
cells will also intern with the accuracy of tfads 
last paramet^. 

The sensitivi^ of proliferation ass^ is 
such that small errors in cell numbers willresult 
in large differences in pHJthyrmdine incorpo- 
ration values. When values obtained in tripli- 
cate cultures correspond poorly (e.g., >5% dif- 
f^ence in cpm values >1000), technical prob- 
lems such as cell clumping, dilution, and. 
pipetting should be considered. Excessively 
high values may be obtained from contami- 
nated wells, as pHJthymidine will be incorpor 
rated into replicating bactma; iherefDre, it is 
good practice to check the wells from mk:roti- 
ter plates under an inveited nucroscope for 
contamination. Contamination may also inter- 
fere with proliferation of the activated lympho- 
cytes. 

It is also useful to check for blast formation 
by mioroscopic exanunation of the cultures: 
activated lymphocytes will tend to railarge, and 
detection of blasts will give a general indication 
of successful activation. 

The main problem that may occur with pro- 
liferative response assays is high levels ofback- 
ground [^H]tiiymidine incorporation in control 
cultures without antigens. Tliis problem is fre- 
quently due to the fetal calf serum (PCS) used 
to supplement the cultures, whidi may be mi- 
togenic for B cells. Different lots of FCS should 
be screened to select those that are nonstimular 
tory or only weakly stimulatory in tiie absence 
of other stimuli, and that support strong i^oUf- 
erative responses upon antigemc stimuMon of 
Tcells. 

If flat-bottom microtiter plates are used in 
the procedure and weak responses occur, it 
may be useful to switch to round-bottom 
plates. Our laboratory has found consistently 
better responses in round-boUom plates when 
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thymocytes arc used as rcspondcr cells or 
with slight alloantigenic differences between 
responding and stimulating cells. In addition, 
antibody-mediated experiments yield better 
results with round-bottom plates. Presum- 
ably, this reflects better cell contact obtained 
in such plates; optimal responses will almost 
certainly occur at different cell numbcars than 
in flat-bottom plates and densities will have 
to be adjusted accordingly. 

Although satisfactory responses to most al- 
loantigens can be obtamed with complete 
RPMI-10 medium, it may be necessary to com- 
pare different media. This need arises when the 
proliferatiye responses are weak. G-e.. when 
pH]thymidine values fw activated cultures are 
<10-fold higher than those fwcontrol cultures) 
and may occur under various dicumstanccs: 
weak alloantigenic differences between re- 
sponder and stimulator cells, weat: T cell pro- 
liferative function in die responder ceUs ot 
diminished APCfunctionin the stimulatorcells 
due to experimental manipulations, or a low 
precursor frequency of responding T cefls. 
Thymocytes in particular do not contain ahigb 
level of responding T cells. Requcntly, prolif- 
eration can be imjTOved when oonq>letc Clicks 
or Dulbcccos media are uised (with additives as 
described in APFENDiX i), presumably because 
these media contain additional nutrients and 
have an osmolarity more compatible with 
mouse serum than RPML 

When RPMI is used as medium, 5% CO2 
will be sufBcient. but for other media, a 7 J% 
CO2 concentration in the incubator will be 
more satisfactory. Generally, the buffering ca- 
pacity of DMEMis insufficient at 5%, but fine 
at 7.5%. Much will also dq>end on the prolif- 
erative activity of the responding population of 
T cells (c.gM vigorous proliferation will reduce 
the pH m the cultures); it is therefore recom- 
mended to compare responsiveness in initial 
pilot experiments in incubators set at different 
CO2 concentrations. 

The culture period required for stimula- 
tion—after viWch the cells are to be labeled— 
varies for differMit laboratories, media, and 
types of responding and stimulator cells. Con- 
ditions eliciting weak responses, such as tiiose 
obtained widithymocytesor a weak alloantige- 
nic diff^ncc, will require a longer culture 
period (5 to 6 days) than those which elicit a 
higher frequency of responding T cells (3 to 4 
days). Because laboratory conditions vary, it 
will be necessary to run a kinetic assay to 
detcnnine the optiinal time for T cell prolifer- 



ation. Addition of pH] thymidine on days 2, 3. 
4, 5, and 6 will provide a useful test; further 
extension of the culture period will not yield 
any improvements, due to exhaustion of nutri- 
ents in. the medium. 

Antidpated Results . 

For proliferative assays desoibed in the 
basic protocol, wWch activate tibe majority of 
the responding T cells, responses of 100,000 
cfsn should be obtained; in the MLR follow- 
ing activation witii monoclonal antibodies to 
subpopulations of T cdls (anti-VP), responses 
up to 100,000 q)m may be observed; however, 
measurements of 20,0^0 cpm (with tight stan- 
dard errors) can be quite satisfactory. Back- 
ground values of <1000 qmi should be ex- 
pected. RqK>ited results (as described in st^ 
9a) should be mean cpm of experimental wdb 
minus backgroiuid cpm (A cpm). 

lime Conslderaililoinis 

The time required to set up proliferative 
assays is not m<»e than aday, with the number 
of hours depending on the number of diffoent 
groups of responded cells diatmustbe prepared. 
The time required for incubation of cells ranges 
from 2 to 6 days, as noted ^ve in critical 
parameters. Following an additional IS- to 24- 
hr incubation period for pulsing, harvesting the 
ceUs and measuring cpm will require several 
hours depending on the number of plates (-15 
min for harvesting each plate and -100 niin lot 
counting each plate at 1 min/sample). 
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LOOKING AHEAD 



Dendritic celk are allowing scientists to overcome a 
longstanding obstacle to research in immunology by extending 
the playing field beyond antigens to immunogens and beyond 
models to pathogens that cause disease. 



The Dendritic Cell Advantage: 

New Focus For 
Immune-Based Therapies 



by Ralph M. Sieinman 



The focus of immune therapeutics 
has been on lymphocytes, the 
cellular mediators of immunity, 
and the suppression of lymphocyte 
function. The drug ciclosporin (cyclo- 
sporine) is an exccilcnl and successful 
example. However, medicine needs 
therapies that enhance immunity or 
resistance to infections and tumors. 
Medicine also needs strategies, 
whether suppressive or enhancing, that 
are specific to the disease-causing 
stimulus or antigen. In contrast to lym- 
phocytes, dendritic cells (DCs) provide 
a much earlier and antigen-specific 
means tor manipulating the immune 
response. DCs capture antigens and 
then initiate and control the activities 
of lymphocytes, including the develop- 
ment of resistance to infections and 
tumors (reviewed in references 1-3). 



Summary 

Dendritic cells (DCs) provide a much earlier and an^gen-specific means for 
manipulating the immune response. The best-studied function of DCs is to con- 
vert antigens into immunogens for T cells. The "DC advantage" entails a myriad 
of functions. DCs are more thari antigen-presenting cells; they are accessories 
or adjuvants or catalysts for triggering and controHing immunity. Another special 
feature of DCs is their location and movenrmnt in the body; DCs are stationed at 
surfaces where antigens gain access to the body. The events that make up the 
life history of DCs are now being unraveled in molecular tenns. As research on 
DCs expands, more potential furwnions and more sites for their manipulation are 
becoming apparent. O 2000 Proos science. AB y^hts fesetved. ^ 



The controlling role of DCs b> best 
known for thymus-depcndcnt lympho- 
cytes or T cells which are important in 
many diseases, the most poignant 
being the AIDS epidemic (Table I). 
DCs were identified in a few laborato- 
ries that were focusing on the induction 
of immunity from nesting T cells. It 
was noted that immune tissues (spleen, 
lymph nodes. lymph, blood) had a 
small fraction of cells with unusual 



"tree-like" or "dendritic" processes. 
These distinctive cells had not been 
recogni/ed previously and they proved 
to have distinct functions, f^ast impor- 
tantly, DCs were potent inducers of 
immunity even in animals, not just the 
test lube, and now even in patients 
(reviewed in references 1-3). 

The DC field was held back by the 
fact that there were so few cells relative 
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TABLE I: HUMAN DISEASES THAT INVOLVE T CELLS 



o Rejection of organ transplants and graft-vs.-host disease in bone marrow transplantation 

o Resistance lo many infections including vaccine design 

o Vaccines against tumors and Immune therapies for existing tumors 

o Allergy 

oAlDS ■ . . . . 

o Autoimmune diseases like Insulin-dependent QuvenUe) diabetes, multiple sclerosis, 



rneumalokJ arthritis and psoriasis 



Antigen 



-> T-cea response 



Antigen 



dendritic ceQs 



H> T-ceB response 



(later shown to be MHC-pcplide com- 
plexes) become immunogenic when 
presented by DCs,* In other words, H 
transplantation antigens when prcKeni- ^1 
cd on many cell types are weak 
immunogens, but on DCs they become 
powerful inducers of immunity."* The 
same is true of peptides that become 
much more immunogenic when prc- 
sented on DCs. DCs activate T cells by H 
getting them to divide and express their ]P 
helper and killer functioas. Then the 
activated T cells interact with other ^ 
antigen-presenting cells to eliminate B| 
the antigen in question. DCs are also ™^ 
called **nature's adjuvant," because 
prior adjuvants were artificial sub- H 
stances used to enhance immunity. The ^ 
DC advantage entails a myriad of func- 
lions» some of which will be ctjnsid- 1 
cred below. 



Fia 1 A Key funcHon of dendritic cells. Antigens within titfnbrs, transplants and iofectkHis 
a^nts need to t)e presented l>y DCs to become Immimogens. i.e.. to make T cells begin to 
grow and exWbH their helper and Wlier functkms. 



P 



to other players in the immune system 
such as B cells. T cells and 
macrx)phages. In reality, DCs are quite 
abundant for the job they have to do, 
namely, to initiate immune responses 
from antigen-specific T cells. In 
immune system organs like lymph 
nodes, DCs form an extcasive network 
throughout die T cell-rich regioas and 
physically outnumber any given anti- 
gen-reactive T cell by at least 100 to I. 
The DC field was also held back 
because many thought that the cells 
were no different from macrophages, 
thus keeping investigators from work- 
ing on the active DCs. Jn reality, DCs 
were identified on the basis of pn>- 
found differences from macrophages, 
and their many distinct pn>perties and 
functions were only uncovered by sep- 
arating DCs from macrophages. 

The best-studied function of DCs is 
to convert antigens into inununogens 
for T cells. The antigen receptors on T 
cells do not focus on intact proteins in 
microbes and tumors, but instead rec- 
ognize fmgmentcd or processed pro- 
teins, that is. peptides. The processing 
of pmlein antigens into peptides occurs 
within cells, and then the peptides are 

582 



Potency of deindiritoc cells 
\n Initiating immunity 
in tissue culture 

What are some specific features of 
DCs that warrant attention? The fust is g 
their potency. Very snnall numbers of B 
DCs are sufficient to tri^er stnmg T- 
inc ws^uiiig iinuiawiu., u^^vv... ^ - cell responses in test tubas. Immune 
cell receptor (TCR) and its specific assays arc generally carried out with Wk 
MHC-peptidc wmplcx allows aT cell impure antigen-presenting cells, ~ 
to detect peptides formed within cells applied at a dose of one presenting cell 

for every T cell, the latter often preitc- M 
tivated. In contrast, roughly one DC 
per 30-100 T cells is more than suffi- 
cient to induce optimal responses. 



displayed or presented at Uie cell sur- 
face affixed to products of the major 
histocompatibility complex (MHC). 
The ^suing interaction between a T- 



in umsplants, tumors, sites of infection 
and self ti.ssues attacked during 
autoimmune disease (Table I). 
"Antigens" refers to specific sub- 
.stances recognized by the immune sys- 
tem, while *1mmunogens" refers to 
antigens that effectively induce 
responses either by themselves or 
together with enhancing materials 
called "adjuvants." For T cells in par- 
ticular, antigens and immunogens arc 
not one and the same (Fig. I). Even 
pr^roccssed peptides and MHC-pep- 
tide complexes arc weak immunogens. 
This was evident early on in the work 
of Peter Medawar, the great scientist 
who discovered the immune basis of 
traasplaniation. He spent many years 
trying to purify functioning transplan- 
tation antigens. These efforts were to 
little avail. 

What was not known in Medawar's 
time is that uansplanlation antigens 



including responses by resting T cells. H 
A single DC can simultaneously iicli- 
vate 10-20 T cells nestled within its 
sheet-like processes. Therefore, IXJs B| 
arc more than antigen-presenting cells; |P 
they are accessories or adjuvants or 
cataly.sts for triggering and conm)lling _ 
immunity. E| 

It has always been clear that the 
accessory function of DCs did nolB 
depend exclusively on their capacity to J 
process antigens to form MHC-pep- 
tide complexes. This is because the ^ 
.stimuli that were u.sed to define ihc ■ 
potency and immune-activating n)lc of 
DCs did not require that the IX's 
process an applied andgen. Such stin^- S 
uli included major transplantation ami- ^ 
gens, mitogens, contact allergens, anti- 
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T-cell antibodies and supcrantigens. 
Furthermore, once resting T cells were 
activated by DCs, the T cells respond- 
ed vigomusly to antigens presented by 
other cell types, showing that the latter 
werc not deficient in forming ligands 
for the antigen receptor on T cells, but 
instead lacked accessory properties. 

The word "accessory" has since 
b^n replaced by the terms ^'profes- 
sional" arid "co-stimulatory" but the 
basic concept is unchanged by shifting 
tcmiinoJogy. T cells need stimuJi other 
dian their specific trigger or ligand 
(MHG-peptide complexes) to begin to 
grow and function, for example, to pny- 
duce the inlerlcukins and kilJer mole- 
cules mentioned above. DCs are potent 
in piwiding the needed accessory or 
co-stimulatory functions. For example, 
DCs produce an adhesion molecule 
called DC-STGN that binds to a target 
on resting T cells called ICAM-3,^ and 
DCs express very high levels of a stim- 
ulatory molecule called CD86 that 
binds to CD28 on resUng T cells.^ 
These arc but two examples of the spe- 
cialized activities of DCs. TTiese cells 
do not t)perate as a single magic bullet. 

Position ot dendritic cells 
in vivo 

Another special feature of DCs is 
their location and movement in the 
body. As criteria were developed to 
identify DCs, it became feasible to go 
back into the animal and patient to look 
for the corresponding cells in different 
dssucs. DCs are stationed at surfaces 
where antigens gain access to the body 
(Fig. 2, lef^). The skin and the airway 
have been the best studied, DCs are 
found in afferent lymphatic vessels, 
special channels that allow cells to 
move from peripheral tissues to lym- 
phoid organs, primarily the T-cell areas 
(Fig. 2, middle and right). This migra- 
tion is most readily observed in nxKiels 
of skin transplantation and contact 
allergy, which are the two mo.st power- 
ful immune responses known. 

DC migration is likely to be very 
important. The body's pool of T cells 
primarily traffics through the T-cell 
areas of lymph nodes, rather than 
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maturaUon 
migration 
mortality 
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Fig. 2. Distribution of dendritic ceUs in sHu. DCs at body surfaces and in soBd organs can 
pick up antigens, move to the lyrT^)hc»d tissues to find anUgen-spe<^ T cells and Initiate 
mimunfty. Molecular mechanisms are being uncovered that govern the mobilizalSon. matu- 
ration, miration and mortality of these OCa. In the lymph node, T lymphocytes are select- 
ed for expansion and differentiation into helper and killer T cens. The activated T cells then 
leave the lymph node to return to the body suriace or peripheral organ to eliminate the anti- 
gen. 



dirough tissues where antigens arc usu- 
ally deposited. So when IX^s c£^turc 
antigens in the skin, airway or another 
peripheral tissue, their migration to the 
T-cell areas gives them a chance to 
selea the corresponding rare specific T 
cells from the assembled repertoire 
(Fig. 2). The selected T cells then 
iTKrcasc in numbers (clonal expansion) 
and function, enabling the specific 
immune response to begin. The initial 
frequency of T cells that recognize an 
antigen is very small. Only one in 
10,OOa-IOO,(X)Oof Tcells in the reper- 
toire respiHids to a specific MHC-pep- 
lide complex. Theieftwrc, it is so precise 
and efficient for DCs to be able to pick 
up an antigen in the periphery and then 
initiate the immune rcspt)nse from rare 
T-cell clones in lymphoid oi:gans. 

The events that make up the life 
history of DO; (Figs. 2 and 3) are now 
t)eing unraveled in molecular terms. 
For example, scientists arc figuring out 
how to expand anligcn-capturing pre- 
cnirsors to DCs using nt3 ligand and 
granulocyte colony-stimulating factor 
(G-CSF). Key players thr the mobi- 
lization of DCs from the periphay to 
lymph nodes are tlie miiUidnig resis- 
tance receptor?;, usujilly studied^ for 
their capacity to mediate rcsi.stance to 
chemothcrapeutic agents rather than 



movement of DCs. Migration of DCs 
is conbt>Iled by chemokines produced 
in the lymphatic vessels and lymphoid 
organs (Fig. 2). These act on DC 
chemokine receptors to orchestrate 
their mov^tnent to the T-cell areas. 
Then within the lymphoid tissue, sev- 
eral members of the tumor necnisis 
factor (JNF) and TNF-rcceptor fami- 
lies, such as TRANCE and CD40 lig- 
and, trigger DC production of 
cytokines like intcrlcukin- 1 2. The TNF 
family also maintains DC viabDity. 
Otherwise the cells die within a day or 
two. Each of these components of DC 
function provides targets for manipu- 
lating immunity. 

Primmg of T-cell immunity 
via dendritic cells 

Animal studies 

During the eariy research on DCs, 
several labs administered antigens to 
experimental animals and then tried to 
identify the cells that had captured the 
antigens in a form that was immuno- 
genic. Regardless of the route of anti- 
gen administration (bloixl, muscle* 
skin, intestine and airway), DCs were 
the major reservoir of immunogen. 
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^^w^eTfike ligand and G^. Precursore are MulBdmg resistance* .. 

DCs aTe Sipable ol producing laifle amounts o» anttgeniwesarti^ ^iZf^ r^)^etovario\l stImuH such as Inledion ] 



Next. DCs were used as nature's 
adjuvant to immunize animals. The 
Da were taken ftom mice or rats, 
exposed to antigens ex vivo and inject- 
ed back into immunologically natvc 
recipienis. The animals became immu- 
ni7£d to the antigens that had been cap- 
tured by the DCs, and the immumza- 
rion took place in the lymph nodes 
draining the site «f DC injection. 
Gojetic proof was provided that the 
DCs were priming the animal ducctly 
and not simply banding off their anti- 
gen to other cells.'-' 

DC-based immunization is teally 
very different fipom all prior attempts at 
cell therapy. Immunology has had 
extensive experience with "passive 
immunizaUon," whereby a recipient is 
given large numbers of cells that are 
acUvaied prior to injection. It is hard to 
pnxiuce such large numbers of cells, 
and their life-span, divereity and effica- 
cy are all finite. In contrast, when rcla- 
lively small numbers of antigen- 
charged DCs are used to induce 
immunity, this produces "acrivc immu- 
nization." Now the animals (and 
patients, see below) can make their 
own diverse and longer lasting 
immune response to the antigen-bear- 
ing DCs. 

Human studies 

The above experiments made it 
clear that DCs. pulsed ex vivo with 
antigens, actively immunized animals 
and raised the exciting possibility that 
scientists would be able to induce resus- 
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^ awrts hT humans. This now fom> of Immune therapy betfns vrth the °f^P 

nsLnt usuaBv from Wood. The precursors develop ex »wo (in rdaUve- 
ST^SZ^ShtTte^ numbers more mature DCs. During this tin«^ 
Se tumor or infe«*on. Then the DCs are rainfused _ 

to ellcKimmunHy and thereljy resistance to the disease. p| 



tance to tumors, infections and trans- 
plants in patients. For example, could 
one expose patients' DCs ex vivo to 
antigens in their tumors and then rwn- 
fiLse the antigen-bearing lX:s to elicit 
tuiTMJr-spccific immunity (Fig. 4)? This 
approach is actually not terribly com- 
plicated, but one first had to overcome 
a major obstacle and learn to generate 
lai^e numbers of DCs. These tech- 
niques became available in the 1990s. 
They have energized the field and. 
accordingly, clinical trials - for the 
immunization of humans again.st can- 
cer have begun on most continents. 



U is evident thai DCs can serve as ^ 
adjuvants for humans, converting anti- 
gens into immunogens.^ *" Even in 
advanced cancer, immune responses 
already have been observed that are 
similar to or belter than immune 
responses obtained with 
approaches. However, this approach is p 
still in its preliminary stages, since a 
giiod deal of science remains to be 
developed. On the one hand, there arc 
critical unknowns in terms of overall 
DC biology. Many of the clinical stud- 
ies to date, for example, have ovcr- 
kx)ked key features that could imprtwc 
DC function, .such as the need for DCs 
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lio be sufficiemly mature (sec below) to 
be effective in vivo. Also, DC biology 
I has to be placed in the context of spe- 
Icific tumors and pathogens and 
patients for DC-based therapies to be 
optimized. 

To summarize and further illustrate 
the role of DCs in the context of human . 

! disease (Table I), consider the need to 
harness T cells to resist tumors and 
chronic infections, Protein antigens 

[often are known for a tumor^like 
melanoma, or for a vims like HIV- 1 
whose genetic sequence has been 
available for more than 15 years. 

i However, this knowJedge about anti- 
gens from mclanonrw and HIV- 1 anti- 
gens remains to be converted into 

I methods that provide better immuno- 
gcns either for immune therapy of 
melanoma or for the design of HIV- 1 
vaccines. This is becau.se some impor- 
i tant facts of immunological life are 
|. being overlooked. When antigens are 
injected, they also need to gain access 

ito the right DCs to becon>e immuno- 
gens(Fig. I). 

Delivering anUgens 
I to dendritic cells 

Brx>adly speaking, a central goal is 
to leam how to deliver or "target" anti- 
I gens to DCs and simultaneously to dif- 
ferentiate or "mature" the cells to their 
most potent state. These two chal- 
lenges, antigen targeting and DC mat- 
[ uration, prove to be intertwined. 

Targeting meaius that the antigen 
I should be in a form that the DCs can 
i recognize. Without such recognition, 
the uptake and subsequent processing 
of antigen to form MHC-^ieptide com- 
plexes is suboptimal. DCs have a num- 
ber of special mechanisms for captur- 
ing antigens aiKi converting these iiito 
I MHC-peptide complexes (T^ble 11). 
For example, DCs have a receptor 
called DEC-205 whose binding part- 
nere or ligands arc still unknown. 
Nonetheless, it is clear that DEC-205 
greatly increases the capacity of DCs 
to fomi MHC-peptide complexes." 
DCs also carry out a fascinating 
process called "cross-presentation." 
DCs can take up dying c^lls and cffi- 



TABLE II: DENDRITIC CEU SPECIAUZATION TO INCREASE MHC-PEPTIDE 
■ COMPLEX FORMATIOM 

o Receptors for antigen uptake, e.g.. DEC-205 

o Processing of dying ceiis, nonrepUca^ miaobes and trnmune complexes onto MHO class 

I fcross-presentatibn") 
0 Regulation of antigen processing by maturation stimuli 
Q Clustering of t-cell receptor ligands with co-stimulators like CD86 



ciently extract peptides from them, so 
antigens "cross" from Ihe dying cell to 
the DC. The discovcrcnj trf this phe- 
nomenon called it "resurrecting the 
dead.***- Cross-presentation allows 
DCs to efficiently fonn MHC-peptide 
complexes from dead cells in tunfK>i:s, 
transplants and tissues under autoim- 
mune attack. 

Special uptake and processing 
mechanisms allow DCs to tailor a pro- 
tein antigen, as well as the proteins in 
a complex microbe or turinor cell, into, 
peptides that bind to an individual's 
MHC produces. The latter are excep- 
tionally polymorphic, differing geneti- 
cally from one individual to another: 
As a result, die relevant immunizing 
peptides difler from one individual to 
another. One reason why peptides are 
not idcial immtmogens is thattbey must 
be individualized. DCs. in contrast, can 
capture antigens with high efficiency 
and likewise extract peptides that are 
relevant for any individual. 

A second DC advantage is that 
these cells have the many required 
acces.sory or co-stimulatory properties 
for converting the selected peptides 
("antigens") into effective immuno- 
geas. A third DC advantage is that 
these cells position themselves in a 
way that leads to the identification of 
rare antigen-reactive T lymphocytes in 
vivo (Fig. 2). DCs thus overcome many 
of the difficult obstacles in initiating 
immunity. 

In order for an antigen to be a 
strong immunogen, one needs to pro- 
vide a stimulus for the final differenti- 
ation or maturation of the DCs (Fig. 3), 
Most DCs in the body are in an inima- 
turc state and lack many features that 
lead to a strong T-cell response. 



Immature DCs, fcNr example, tack the 
CD86 and CD40 nwleculcs that great- 
ly boost the DC-T cell interacdon. 
Inrmiature DCs also lack a chemokine 
receptor called CCR7 that seems very 
important for proper migration and 
homing to lymph nodes to start immu- 
nity. For cancer immunology, it is 
unlikely that tumors provide nuitura- 
tion stimuli. Tumors may even block 
be maturation induced by other stim- 
uli. Tterefore it is important to leam 
how to deliver tumor cells to DCs and 
bypass the normal obstacles to effcc- . 
tive antitumor immunity. 

Surprising recent evidence actually 
links DC maturation to the efficient 
formation of MHC-peptide complexes 
or TCR ligands (Table II). Immature 
DCs take up antigens, but they do not 
make abundant MHC-i)eptide com- 
plexes until they receive a maturation 
.stimulus. '^^^ Maturation also up-regu- 
lates CD86 co-stimulators, but the 
CD86 actually travels together with the 
TCR ligands to the surface of the DCs. 
At the DC surface, the MHC molecules 
and CD86 remain clustered with each 
other, keeping the machinery for T-cell 
activation juxtaposed. This phenome- 
non will help explain the potency of 
DCs, because TCR ligands and co- 
stimulators are displayed together on 
the cell surface and in high levels. 

Control poimts beyond 
antigen targeting and 
maturation of DCs 

Research on DCs is moving more 
vigorously, because the cells are more 
readily available and because their role 
in the immune system Is considered 
essential. Nonetheless, researchers in 
this field are ju.st beginning to find 
ways to manipulate DCs in situ. 
Putting together an antigen that targets 
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to DCs with a stimulus for DC matura- 
tion will be a major step in improving 
the conversion of antigens into 
immunogcns. as in immune-based 
therapies against tumors and mfeclious 
agents. 

Additional challenges and ques-. 
tions are evident: 

o How can DC numbers be increased 
in situ and how can active DCs be 
mobilized to a cancer or site of 
chronic infection? 

o Can DCs induce strong immune 
memory to make vaccination long 
lasting and efTcctivc (we have only 
been reviewing the role of DCs in the 
initiation of immunity)? 

o Can DCs change the quality of d)c 
immune response? 'KJualiiy" refers 
to recent evidence for different tyj^s 
of DCs, especially a subset that 
induces Thl-type T cells for resis- 
tancc to infectious agents and strong 
memory. 

o Is it possible to move beyond DC- 
based immunization experiments 
and use DCs to cither regulate or 
tolerize the immune system, as fre- 
quently required in transplantation 
and autoimmune diseases? 
o Can DCs influence elements of the 
immune system other than T cells; 
for example, B cells and the innate 
^ defenses provided by natural kUler 
(NK) and NK-T cells? 

The answer to all diese questions is 
a preliminary "yes." As research on 
DCs expands, more potential functions 
and mor« sites for their manipulation 
are becoming apparent 

Dendritic cells and better 
control of disease 

IX^s provide important avenues for 
the investigation of human disease. 
Many labs arc exploiting DCs to iden- 
tify antigens relevant for immumty 
against human pathogens. In these 
experiments, one introduces complex 
but clinically important anUgens to 
DCs and then identifies which compo- 
nents arc best presented to the immune 
system. We have recently used this 
approach lo identify previously un- 

5SA 



known immune responses to the 
Epsteia-Barr virus,*^ a virus we all 
carry that has the potential lo cause 
cancer like Hodgkin's lymphoma 
Other laboratories have been using 
DCs to identify new antigens in other 
infectious agents, in transplants and in 
cancers like melanoma. 

Investigatoni are also manipulating 
E>Cs ex vivo and then rcinfusing the 
cells to identify conditions leading to 
strong immunity in patients (Fig. 4). In 
particular, DC-mediated active immu- 
nization against cancer is being vigor- 
ously pursued, as mentioned above, 
lastead of manipulating DCs ex vivo, a 
more desirable goal would be able to 
alter DC& directly in siiu. Some 
approaches arc under way. An example 
Is the injection of cytdcincs like llt3 
Ugand and G-CSF to mobilize various 
precursor populatiorjs of DCs: One 
should also develop methods to control 
DC mobili7iition, migration and matu- 
ration. In sum, DCs are allowing sci- 
entists to overcome a longstanding 
obstacle to research in immunology by 
extending the playing field beyond 
antigens to immunogcns and beyond 
models to pathogens that cause dis- 
ease. 
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CoexpressioB of two distinct genes is required to generate secreted 
bioactive cytotoxic lymphocyte maturation factor 

(betewdimeric lyinpbo!diie/T<eH growth factor/lympiK^kine^vBted UDtf edU/co«rdliiaU sent regul^on/liiterieiikto.n) 
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ABSTRACT Cytotojtic lymphocyte maturation factor 
(CUm Is a dlsutfkle-bdnded hetcrodimcrk lymphoktoe that 
m acts as a growth fector for artlvated T cells IndepcDdent of 
UitertenEUii 2 and (iO syt^er^ with snboptimal concwitra- 
Sms of interieukto 2 to toduce lymphoWne-actlvated IdBer 
cells. We report the donSng aBd exjH^sslon (rf both buiM 
CLMF fiubumt d)NAs finom a lyrophoblast<^ B-ceO Itoe, 
NC-37. TTie two subimlta represent two distinct and unrelated 
gene products whose mSlNAs arc coordteatdy faiduced u]^ 
activBtLm <rf NC-37 ceflls. Coeipresrfon of the two aubanlt 
cDNAs to COS cells fa nccess8i7 for the secretion of bk>log^ 
active CLMF; COS cells transfected with eltber sabunlt cDNA 
^S^nS ^ bioactive CLME. Recombinant CUVJF 
expressed to mammalian cdls displays biologic actlvWca «- 
sentially identical to natural GLMF, and to ocUvities can bs 
neutralized by monoclonal anttbodiea pr^»ared agatost natural 
CLMF, Stocc this betert^dlmcrfcproteto displays the properties 
of an toterleuhto, we propose that CLMF be given the deag- 
nation toterBeukto 12* 



The molecular cloning and expression of recombmant cyto- 
kines has made possible both significant advances in our 
understanding of the molecular basis of immune responses 
and the development of new approaches to the treatment of 
disease states. As an example, recombmant mlericulan 2 
(recombinant IL.2) has been shown to be capaWe of causmg 
regression of csublished tumors in both experimental am- 
mals (1) and in man (2); however, its clinical use has been 
associated with significant toxicity (2). One potential ap- 
proach to improving the ther^utic utility of rccombmajt 
cytokines is to use them in combination (3. 4). With this 
concept in mind, we initiated a search for novel cytokines 
that would syncrgize with suboptimal concentraUons of re- 
combinant IL-2 to activate cytotoxic lymphocytes in vttro 
and thus might have synergistic immunocnhancing effects 
when administered together with recombinant ILrl m vtvo. 
This led to the identification of a factor, designated cytotoxic 
lymphocyte maturation factor (CLMF). that synergizcd with 
recombinant IL-2 to facfliUle the generation of both cytol^^^ 
T lymphocytes (CTLs) and lymphokinc-acUvated killer 
(LAK) cells in vitro (5, 6). CLMF subsequcnUy punfied 
to homogeneity from a human lymphoblastoid B<eU bne 
{NC-37) and was shown to be a 75-k0a disulfide-bomied 
heterodimer composed of two subunits with molecuUr 
masses of 40 kDa and 35 kDa (7).*il We now report the 
molecular cloning and expression of CLMF, 



The publication cosu of tbia article were defrayed In part by page char^ 
payroem. TTiis article must tbeftfore be hereby marked ^^advertUcment 
to accordance with 18 OXC «734 solely to mdicatc this feet. 



MATERIALS AND METHODS 

cDNA Oootog. A subline of NC-37 cells selected for its 
ability to produce high levels of CLMF (7). NC-37.98, was 
induced with phorbol 12*myristote 13-acctate (PMA) and 
calcium ionophore A23187 for 16 hr. Poly(A)+ RNA was 
isolated, and random bexamer'i>rimed cDNA libraries were 
estaUished in phage AgtlO by standard procedures. Mixed- 
primer polymerase chain reaction (PGR) using controlled 
ramp times (8) was performed as follows. PCR primen 
contained all possible codons and were 14 or 15 nucleotides 
long (Fig. 1) with a 5' extension of 9 nucleotides containing 
an £coRI site for subcloning. Degeneracies varied frwn 1 m 
32 to 1 in 4098; 0 J-4 pmol per permutation of forward and 
reverse primer was used in a 50- to IOO-/4I PCR mixture vrith 
40 ng of cDNA made from NC-37.98 cells that had been 
activated by culture with 10 ng of PMA and 25 ng of calcium 
ionophore A23187 per ml for 16 hr (40-kDa subunit) or writh 
3 /ig of human genomic DN A (35-kDa subunit). PCR cycling 
parameters were as follows* Initial denaturation was at 9^0 
for 7 min. Low-stringency annealing was performed by 
cooling to yPC over 2 min, incubating 2 nun at 3TC heating 
to TTQ over 2.5 min, extending at 72*C for 1.5 min. heating 
to 95^ over 1 min, and denaturing at 9S*Q for 1 nun. This 
cycle was repeated once. Thirty standard cycles (40-kDa 
subunit) or 40 standard cycles (35-kDa subunit) were per- 
formed as follows: 95X^ for 1 min, 55*C for 2 min, and 72^ 
for 2 min. Final extension was at 7rC for 10 min. •*Ajmpli- 
cons" of the expected size were gel-purifted, subcloned, and 
sequenced. Tlie 40-kDa subunit cDNAs were isolated by 
hybridizing the 54-mer amplicon in 3x SSC (ix SSC « 0.15 
M Naa/0-015 M sodium citrate, pH 7) containing 20% 
formamide at rrc overnight. Filters were washed in 2x SSC 
at 42*C for 30 mm and exposed to x-ray film. The 35-kDa 
subunit cDNAs were isolated by hybridizing the 51-mer 
amplicon in 5x SSC/20% formamide at 3T*C overnight. The 
filters were washed in 2x SSC at 4a*C for 30 min and exposed 
to x-ray film. Positive clones ww plaque*purified, their 
inserts were, subcloned into the pBtoescript plasmid, and 
their sequences were determined by using Sequenase. 

EspressBca. cDNAs were separately engineered for expres- 
sion In vectors containing the simian virus 40 cariy promolor 
essentially as described (9). COS cells were transfected with 
both CLMF subunit expression plasmids mixed together or 

Abbreviatkms: CLMF, cytotoxic lymphocyte malumtlon factor, 
rCLMF and nCLMF, recombinant and natural CLMPs; CTL, cy- 
tolytic T lymphocyte; IL, interieukin; LAK, lymphokinc-acUvated 
killer; PHA, phytohemaggiutinm; PMA, phorbol .12-myristate 13- 
acetate; n. natural; PCR, polynaerase chain reaction. 
tTo whom reprint rcqucste should be addressed. ^ 
^Thc cDN A sequences reported in this paper have been deposited in 

the Genbank data base laccession nos. M3&443 (35-kDa CLMF 

subunit) and M3S444 (40'kDa CLMF subunit)]. 
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1 MCPARSLLLV ATLVLU)riLS lAR NLPVATP DPGHFPCLHH SQNIXRAVSN 

51 KLQKARQTLE FYPCTSEEID HEDITKDKTS TVEACLPLEL TKNESCLNSR 

101 ETSFITNGSC lASRKTSmi ALCLSSIYED LKMYQVEFKT MNAKLLMDPK 

151 RQIFLDQNML AVIDEMQAL NFNSETVPQK SSLEEPDFVK TKIKLCILLH 

201 AFRIRAVTID RVTSYLNAS 



1 MCHQQLVXSW 

51 DTPEEDGITO 

101 LUXHKKEDG 

151 DLTFSVKSSR 

201 AAEESLPIEV 

251 QVEVSWEYPD 

301 RKNASISVRA 



FSLVFLASFL 
TUIQSSEVIjG 
IWSTDILKDQ 
CSSPPQGVTC 
MVDAVHKLKY 
TUSTPHSYFS 
QDRmSSWS 



VAIWELKKDV 



SGKTLTIQVK 
KEPKNKTFLR 
CAATLSAERV 
ENYTSSFFXR 
LTFCVQVQGK 
EWASVPCS 



YWELDWYPD 
EFGDAGQYTC 
CEAKNYSGRF 
RGDNKEYEYS 
DIIKPDPPKN 
SKREKKDRVF 



APGEMWLTC 
HKGGEVLSHS 
tCWWLTTIST 

A 

VECQEDSACF 
ijQLKPLKNSR 
TDKTSATVIC 



amplification. 



with each one scpamtely by the DEAE-dextran method. 
^Venty-four hoursafter transfection, the scnim<ont«nuu5 
was replaced with medium containing 1% Nytoj. 
SLXsP (Bochringcr Mannheim), and supmaUmt fluKis 
We^Ucctedfipm^thecuitu^^ 
stored at 4'X: until tested in the bioassays. 

cLeral Methods, Standard molecular biological proce- 
duS^^re usSi as described (10), CLMF bioassays were 

^C'^^'iSS^^ National Biomedical Research 
FcSS^otpSdata base (Release 26.0) as well as toe 
G^Sank and European Molecular Biology I^boiatonr^. 
tobascs (Releases 65.0 and 24.0, respectively) were searched 
S «ieSomol^ to CLMF cDNAs. two sub- 
unit sequences were compared to each other using the auon 
SmSSi (mutation data matrix, br^dc penalty of 6; see ref. 
11). 

RESULTS 

Partial N-terminal amino acid sequences of the «wp CU^ 
subunits (7) were used to generate completely defined 51- to 
?SiSr *5.Iong oligonucleotide pit>bcs by means of 
n^J«i n^er PGR These probes were used to screen cDNA 
firmdS^A f^ activated ^^C.^IM^^.^ 
cDNAs encoding the two subuniu were isolated and char- 
Bor^^ encode secreted proteios with a 
c^si^hydrophobic N-terminal signal peptide immediately 
foUowcd by the N terminus of the mature protan as deter- 
Tncd by prouin sequencing (7). Two mdependent ^NA 
dones for the 40-kDa subunit were shown o be idenUca^. 
Both encode the mature 4a-kDa subumt that is composed of 
liKinrLws Mc^^^^ Af, « 34.699) and contains 10 
cLTSs four potential Winked glycosylation 
TVo of tbese^^^^ are within isolated tiyptic 
S£'kSvIr?.^m the purified 40.kDa CLMF jbunn 
^tein. Amino acid sequence analysis has shown that Asn- 



222 is glycosylated, whereas Asn-125 is not (Fig. 1; F. 
Podlaski, personal communication). The mature 35-IcDa sub- 
unit is composed of 197 anuno adds (calculated « 22^J3). 
with 7 cysteine residues and three potential N-linkcd glyco- 
svlation sius (Fig, 1). When purified CLMF is reduced with 
2.mcrcaptocthanol and analyzed by SDS/PAGE, the 35-kDa 
subunit appcara to be heterogeneous, suggesting that it may 
be heavily glycosylated (7). Two variants of 35-Id>a subumt- 
encoding cDNAs were Isolated. ITic first type had the 
sequence shown in Fig. 1. Additional isolaus contained what 
is probably an allelic variation, replacing Thr-213 with a 
methionine residue. . 

Computer searches of sequence databases showed that the 
amino acid sequences of the two subunits are not rdated to 
any knovra protein. The subumt sequences arc also not 
related to each other, since a comparison using the align 
program (11) gave a score of 1.27; only scores >3 are 
considered to indicate significant evolutionary relationship 
(12). The genes encoding the subunits appear to be unique, 
since low- and high-stringency hybridizations of genomic 
blots revealed identical banding patterns (data not shown). 
RNA blots showed the size of the 40-lcDa subumt mRNA to 
be 2.4 kb. whereas the 35-kDa subumt was encoded by a 
1 4-kb transcript (Fig. 2). Expression of the two mRKAs 
encoding the subunits was coordinately regulated upon in- 
duction (Fig. 2). When NC-37.98 cells were activated with 
PMA and calcium ionophore for 72 hr. mRKA encoding each 
of the CLMF subunits was minimally detectable at 6 hr after 
the beginning of induction but was readily detected at 24 hr 
and continued to accumulate until maximal levels were 
reached at 72 hr (normalized to OAPDH mRNA levels; see 
the legend to Fig. 2). In contrast, the mRNA for IL-2 in 
activated NC-37.98 cells was already at high levels at 6 hr and 
subsequentiy decreased, whereas the mRNAs for the low- 
affinity IL-2 receptor (p55) followed the mduction pattern 
seen for the CLMF subunits. Scanning of RNA btots also 
revealed that steady-state mRNA levels for the 40-kDa 
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Pirt 2 RNA blots showiog the coordinate induclkm of the 
and 4^kDa W CU4F subuml mlWAs an^ 
fS^d^u1Jj5^cc^^ a». My(Ar RNA (5 f*S) from 

MP 5? 98 ana artivkted with 10 ng of PMA and 23 US of cateum 
S^I:^ AaiK weie baded in each lane. Lanes from left 

««S5veIy. (tZ/'P'^) F^-<Jay exposures. a<wrr)Tw. 
iC2S^^u^nfthc ^ »«rij>pin8 and febybridization 

!:Sh a gTpO^^^ si2es aits in kb (BRL RNA Udder). 

CLMF subunit were scvcralfoW higher than those for the 
35.IcDa subunit expressed by the same ceUs. This finding 
narallcis the observation that activated NW? cells secrete 
«cess free 40-kDa subunit protein C7). The 3' untranslated 
scmiences of both CLMF subunit mRNAs contain several 
octamer motif TTAnTAT (data not shown) 
Tfcds sequence is present in other transiently expressed 
mRN>U and is involved in regulating niRNA stabflky 03). 
^Sexpression of the 4a"kDa and 35-kDa CLMF subunrt 
rHNAs in COS cells was required to generate secreted 
S£?«iy a^ve C^ Crable 1 and Fig. 3). COS ceUs 
Sccted with cDNA encoding either the 40-kDa subuml 
alone or the 35-IcDa subunit alone did not secrete biotogi^y 
active CLMF (Table 1). Mixing media conditioned by COS 
Table L Coexpresskm of boUj CLMF subunit 
active CLMF by COS ceUs 
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cells that had been separately transfcclcd with one or the 
other of the two CLMF subunit cDN As also did not give rise 
to Woactive CLMF (Table 1). 

' Two types of assays were used to compare rCLMF arkd 
nCLMF. The fust assay measures the proliferation of phy- 
tohemagglutinin (PHA)-activated humAn peripheral blood 
lymphocytes, whereas the second assay ev^uates the syn- 
ergy between CLMF and suboptimal concentrations of IL-2 
in the generation ctf LAK cells in hydrocortisone-containing 
cultures (7). The data in Fig. 3 show that rCLMF as expressed 
in COS cells and nCLMF as purified from HCO? cells are 
essentially identical. Dose-response curves for rCLMF and 
nCLJMF were superimposable in each of the two assays, and 
rCLMF was neutralized by a monoclonal antibody raised 
against nCLMF. Conditioned media from cultures of mock* 
transfected COS cells displayed no activity in these assays 
(Table 1 and daU not shown). 

DISCUSSION 

In a previous report (7), we described the purification of a 
heterodimeric cytokine, CLMF» that synergized with low 
amounts erf IL-2 to cause the generation of LAK cells in the 
presence of hydrocortisone and stimulated the proliferation 
activated T cells independent of IL-2, In the present 
report, we have used the H-terminal amino acid sequence 
information previously obtained to clone the two subuiut 
cDNAs of CLMF. Protein purification <rf NC-37 cell line- 
derived CLMF had shown that the protein was composed of 
two dtsulfide-bonded subunits with different N*urmina] 
amino acid sequences (7). However, it was not clear firom our 
previous results whether the two subuniu were processed 
from one common gene product and whether proteolytic 
postu^lational prc»cessing other than signal peptide cleav« 
age was occurring. The molecular cloning and sequencing of 

cDNAs is required for secretion of biologically 
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nCLMF 
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nCLMF 

Culture fluid ftom COS ceUs transfected with 

A. 35-kDa CLMF subunit cDNA 

B. 40-kDa CLMF subunit cDNA 

C. 35-kDa -f 40-kDa CLMF subunit cDNAs 
1:1 mix of culture fluids A and B 

CM from moclc-transfected control^ 
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unita/ml 
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incorporated by 
PHA-BCtivated 
lymi^ioblasts, mean 
cpm ± 1 SEM 
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SS.615 ± 587 
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11^ ±286 




1:100 


10.751 ± 303 



described (7). LymphobUsI proUfeiBtjoii w« iiiea»i«*d «J J i?Lmp 

h^ScWasta were incubated in lOC/J oilturea eonlainins tbt ladicaled "noonU « natunU CLMF 
^ffior aSliSrS fluids. (%n.ynUd»e wa. «lded to each culture 18 hr pnor t» han,e,U 
Cone., concentration. 

of the individual culture fluids. . rvic 

k:ondiiioned medium (CM) ftom cuhureo of mode transfected COS cells. 
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cytokine, imits/ml 




CLMF, untts/ml 



Fio 3. Comparison of biologic acUvitics of nCLMF (drdw) and 
rccomWnanl CLMF (iCLMF. squares)- oCLMF was puiifted fixjm 
NC.37 ccfl-condhioncd media: iCLMF was purified from conditioned 
mediafrom cultures of COS ceHs transfected with cDNAs eocwfing tte 
40-lcDa and 35-kDa human CLMF si*units. {Vpper) T-cell growth 
fector assay. The ability of CLMF to stimulate the prdiferalion of 
human PHA-activated lymphoWastt in 4g*r cultures was ««yed as 
described (7). CLMF preparations were mUed with neutratauy rat 
monoclwiai antWiuman CLMF antibody 4A1 (ref. 7; open symbds) or 
with ftomal rat IgG (Sigma; rig. closed «y<nf»k) 
of 20 iia of IgG/ml and were incubated for 30 mm at yTQ pnor to 
addition of PHA blasts. AB values are means of tnpti*^ ^!?^"?^ 
tions. {Lower) LAK ceB induction assay. The abiUty of CLMF, alone 
or in combination with recombinant IL-2. to ifi<»«e tte ectteraUon of 
LAK ccHj in 4^y cultures was assessed as described (7). Low-densily 
peripheral btood lymphocytes were incubated in t{» prescna^^^ 
km2untsofnCLMForiCLMFwilh(cIosed z^i)ofsn^{os>^ 
symbols) reconAinant IL-2 at IJS units/rol. Units of CLMF actnnly 
were based on previous Utrations in the T^eO growth factor assay. 
Hydrocortisone sodium succinate (Sigma) was inchided at a coiwcn- 
tratioo of 0.1 mM to minimize triggering of endogenous cytoJanc 
cascades. Lysb of ^r4abeled Daudi cells was assessed at an efftelor/ 
target ratio of 5:1. The data shown represent the means of quadreplKate 
determinations. The spontaneous ^^r release was 20%, 
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the corresponditig cDNAs now has dctnonstratcd^that there ■ 
is no common precursor for the two CLMF subunils; rather, 
they arc encoded by completely different genes. The pre- 
dicted and actual amino acid composition for the two sub- 
units arc strikingly similar; differences in predicted versus 
actual molecular wei^ts are accounted for by glycosylation 
(F. Fodlaski, personal coinmunicalion). Thus, the only n^jor 
.posttranslational proteolytic event that {^pears to take place 
in . the maturation of the CLMF subunits is signal peptide 
cleavage. 

The kinetics of expression of the individual CLMF subumt 
mRNAs were examined and compared to the expression of 
mRN As for IL-2 and the IL-2 receptor p55. Previously it had 
been observed that NC-37 cells, like certain murine (14) and 
marmoset (15) B-cell lines, secreted IL-2 when activated 
(M.K.G. , unpublished results). RN A blots demcmstrated that 
upon activation of NC-37 cells, both CLMF subumt mRNAs 
were coorxlinately induced with kinetics similar to the IL-2 
receptor (p55) mRNAs. On the other hand, IL-2 mRN A 
levels peaked much earlier. Similar differences in induction 
kinetics were also seen at the level of IL-2 and CLMF 
bioactivity secreted from NC-37 cells (M.K.O., unpublished 
data). These kinetic differences arc consistent with our 
previous observation that in a cytolytic lymphocyte re- 
sponse, IL-2 appears to act earlier than CLMF (5). 

Transfection studies with COS cells established that only 
coexpressioD of both subunit cDNAs sives rise to secreted 
bioactive CLMF. Thus, it appears that the two |»^eins have 
to interact within the endoplasmic reticulum to assemble 
proi^y Into bioactive secreted CLMF. By comparing the 
activity of rCLMF to that of nCLMF in the T-cell growth 
factor and LAK cell induction assays (Fig. 3) and assuming 
that the specific activity of rCLMF is similar to that of 
nCLMF [8 x 10^ units/mg (7)], we estimate thai the aniount 
of iCLMF hcterodimer produced in these experiments was 
5-50 ng/ml. Tlie frnding that COS cells, which are fibrob\BSt- 
like ceils, are able to assemble correctly the tcfo CLMF 
subunits to form bioactive CLMF indicates that this secretion 
and processing pattern is not limited to cells of the lymphoid 
lineage. 

Western blot analysis using an anti-CLMF antibody spe- 
cific for the 404cDa subunit has allowed confirmation that (0 
COS cells transfected with both CLMF subunit cDNAs 
secrete CLMF with the expected heterodimeric structure and 
(ii) COS cells transfected with the 40-kDa subunit cDNA 
alone secrete that subunit (F. Podlaski, personal communi- 
cation). Since no bioactivity was detected in media condi- 
tioned by COS cells transfected with only the 40-kDa subunit, 
that subunit by itself appears either to have a much reduced 
specific activity compared with'heteroditneric CLMF or to be 
completely inactive. . * 

Because of the lack of a high-affinity antibody specific for 
the 35-kDa subunit, we have not yet been able to detemune 
definitively whether COS cells transfected with only the 
35-kDa sulAinit cDNA secrete that subumt. Since no bioac- 
tivity vna detected in the media, secretion of a bioiactive 
35-kpa subumt by itself could be very inefficient; alterna- 
tively, similar to the 40-kDa subunit, the protein could be 
much less active or inactive altogether. Intracellular 35-kDa 
protein in the absence of the other subunit could be inherently 
unstable; there is precedence for this phenomenon, since it 
has been reported that 90% of the p chains of luu^opin (LH), 
when expressed in the absence of a chains, are retained in the 
endoplasmic reticuhira and are slowly degraded (IQ. Simple 
mixing of media conditioned by COS ceUs transfected sep- 
arately with either one of the two CLMF subunit cDNAs did 
not yield bioactive CLMF. One possible explanation would 
be that the cells do not secrete the 35.kDa CLMF subunit by 
itself. More likely, our experimental conditions did not allow 
proper heterodimer formation. One would expect that only 
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carefully controlled renaturaUpn and oxidation conditions 
would ^low the disulfide bond formaUon required for gcn- 

appropriate induction condiUons produce both (XMF sub- 
unit mRNAs and secrete the active protein (N.N. and 
M.K.G.. unpublished data). There is some evidence suggest- 
CXMF is produced prcdominanUy by B cells, n 
Snary experiments, B-ceU mitogens have.^P*^^ . 
more dffcctive than T^cll mitogens m ehciUng CXMF 
peripheral blood lymphocytes (MXO.. 
CShcd resulu). When screening human cell Imcs for 
SaK to^roduce CLMF activity (7). we obse^ed that 

vation vwS PMA and calcium lonophore, whereas none of 
nte^^U Hnes produced CLMF. Nevertheless, three of 
Ui^e T-ceU lines secreted large amounts of IL.2 and tumor 
^^^L factor activity after acUvation (M.K.G.. unpub- 

r^siTt^^^^^^ natural kiUercellstimulaJ^^^ 
MMF) a hctcrodimcric cytokine similar or idenUcal to 
CL^^ isolated from RPMl 8866 lymphoblastoid B cells 
htTa recent report (18) has indicated that B lymphocytes 
S's^«^ a^'^^^^^ that facUitates 

vS^is-specific cytolytic T-lymphocyte responses. It is possi- 
ble thaiCLMF may have been the cytokine acUve in those 
studies, nus, although B lymphocytes have not traditionaUy 
viewed as cytokine-producing helper cells, i is con- 
cdvablc thai CLMF production consututes a nove media. 
"^Z^l^e^y B lymphocytes conU^bute to the amp Irf^^^^ 
of T-lymphocyte responses. In addiUw to the bicrfogic ac- 
Uvities described in this report, CLBdF by itself has teen 
Si (0 to activate NK cells in an 18-22 hr assaM«1 «> 
aSe the generation of specific aUogeneic CTL re- 
sSs, and (itf) to stimulate the secreU^^^^ 
^SKeripheiil blood lymphocytes (M.K,G.. unpubbshed 
results)Ilt can also synergize with low concentrations of 
recombinant IL-2 in the latter two assays and in causing the 

prS^S of resting P^"P\^,Wj^ ^'^K^^'J^ 
«?w of its production by peripheral blood lymphocytw and 
Hver^e Luons on lymphoid cells, it appejjrs that ^ 
constitutes a hew interieukm. We propose that CLMF be 
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given the provisional designation IL-12. The availability of 
recombinant CLMF will now make possible a broader and 
more detailed characterization of its biology. 
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By Amy C. Peterson, Hdena Harfin, and TtKwnos F. Gojev^ki 



Furooses Preclinicol sJudies showed >ha» iniinunba«on 
with peripheral biood mononocleor cells (PBMC) looded 
wll onrtsen pepWde» plus in;eHeukin^2 {a-Tl 2) m- 

duced CDS* T-<elI responses ond tumor re|ectioru We re- 
cently determined that recombinont human (rfi) a-tt 2 ot 30 
to 1 00 ng/kg is effeetivo as a voccine odjuvont m potion^. A 
phase II study off immunixotlon with Melon-A peph^ 
pubed PBMC + rhll-12 was conducted m 20 potiento with 
advanced melanoma. ... „ 

p^w^>tf<r Mefhods : Potientfi were HlA-A2-po5rtw© 
and hod documented Melan*A ejtpression. Immumsotion 
was performed every 3 woekc with climcal re-evaluatoon 
every three cycles. Ommune responses were meosuirad by 
EUSpot ot$ay beffo«» and after treotment and through the 
first rtlroQ cycbs. and were corrolotod with chnKol outcomoj 

Results ; Most potients hod received pnor therapy and had 
viiii^metastases. Wonethelecc, two patients achieved a 

rOST MELANOMA tumors express antigens that can be 
recognized by CD^* T cclls.''^ Nonetheless, tumors 
frequently escape immune destruction, cither from a failure to 
generate an optimal mmor antigen-specific T-cell response or 
from development of resistance to the T-cell response induced. 
One strategy to overcome titie former hurdle is through active 
immunization, the opportunity for which has been facilitated by 
the molecular definition of melanoma antigens.^ Specific CDS 
T ceUs that are properly activated can home to tumor sites and 
kill tumor cells, to the extent to which they can overcome 
negative immunoregulatory pathways and tumor resistance.'' 

The optimal immunization strategy for inducing tumor 
antigen-specific effector T ceUs in humans remains 

undefined However, antigcn-prescnting cell-based sttategies 
have shown promise. Both monocyte-dcrived*-* and bone mar- 
row-derived^ dendritic ccUs (DCs) have been loaded with 
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complete response, five patients achieved a mmor or mixed 
response, and four patients had stobSe ^iseos^ The medion 
surmal was 12^ months for all patients and was Biot yet 
reached for those with a normol loctate dehydrogenose. There 
were no grade 3 or 4 tosticities. AAeosuremeitf of specific CDS* 
V-<ell responses by direct vhfo SUSpo* revealed a signtf^ 
increase in interferon gomroo-produdir^ TT vs^ ogoinst 
AAekm*A = .015) ofter vocdnottoiw but not against on 
Epst^n-aoiT vims control pepH«£3 (P» = .86). Tlhere was a 
correlation between the mogn^de oif ftho increase in Melan- 
A-spedfic celb and cSnkd responro {fP = .046). 

Conc/usfon: This immunixatioB approach may be more 
stroightforward than dendrotic cell strategies and seems 
to hove clinical activity tthot con b© correloted l^o o biologic 
end point. ^ . ' 

J Clin Oncol 21:2342-2^3. O 2003 by iftmencan 
Society 9^ Climcal Oncology.^ 

melanoma tumor antigens and administered in the advanced- 
disease settmg, with evidence for innmunization and tumor 
regression in subsets of patients. However, DCs are cumbersome 
to generate and alternative approaches that are more strai^tfor- 
ward yet equally as effective would be \iseful. One cofactor 
produced by DCs that contributes to their efficacy is interlcu- 
kin-12 (IL-12), which facilitates the induction of interferon 
gamma (IFN-y>-producing cytolytic effector cells.**'** Endoge- 
nous IL-12 seems necessary for optinnal rejection of immuno- 
genic murine tumors"'" and provision of exogenous IL-12, 
either alone" or combined with tumor antigen-based vac- 
cines,"^'^ can induce rejection of pre-establidied tumors in 
murine models. We previously have shown that coadministr^n 
of 11^12 with peripheral blood mononuclear cells (PBMCs) 
loaded with tumor antigen peptides induced specific cytolytic 
T-lymphocyte responses and tumor protection in mice, circum- 
venting the need to generate dendritic cells.^ The case by which 
PBMC can be isolated from patients has made this aii attractive 
approach for clinical translation. We rccentiy conducted a phase 
I clinical study to determine the dose of recombinant human (rb) 
IL-12 necessary to induce T-cell responses in combination with 
antigen-loaded PBMCs, and found that doses firom 30 to 100 
ng/kg administered subcutaneonsly (sc) at the vaccine site were 
optimal and well tolerated^' The effective range of doses 
indicated that a straight dose of 4 /ig might be used. 

In this article, we describe results of a phase II clinical study 
of immunization with Melan-A/MART-1^ peptide-pulsed autol- 
ogous PBMCs + rhIL-12 in HLA-A2-positive patients with 
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advanced melanoma. Immune responses were analyzed using a 
direct ex vivo ELISpot assay. Wc show that this vaccine 
approach had clinical activity and that the magnitude of in- 
creased T-cell response correlated with clinical outconie. 

PATIENTS AND METHODS 

Patient Enrollment and Eligibility 

This was an opcn-labcl, nonrandomized, single-institution study of 
Melan-A p^dc-pulscd autologous PBMCs + rWL-12.^ The protocol was 
approved by the University of Chicago Institutional Review Board and aU 
patients signed written infonncd consent Patients who were bolh HLA-A2- 
positivc and showed Melan-A tumor cxprwsion ^y tevcrse transcriptase 
polymerase chab reaction (RT-PCR) were considered for inclusion. Addi- 
tional inchiaoo criteria were life expectancy more tHan 12 weelca, 
perfoimance status £70, and adequate hematopoietic, renal, and hepatic 
function. Delayed-type bypctsenaitivity (DTH) skin testing was performed 
against mumps. CamtUia, and Trichot^, not for eligibiUty but to correlate 
subsequently with clinical outcome and immumzatioo potential. Patients 
were excluded if tbcy had severe cardiovascular disiease or anhythmia, were 
ptcgnanl or mnsirig. had biologic Aerapy received within 4 weeks, tested 
positive for hq»tiris B surface antigen or human immunodeficiency yirus 
(HIV), had clinically significant autoimmune disease or any illness requiring 
immunosuppressive Aerapy, had a psychiatric flhicsa that would interfere 
with patient compliance and informed consent, had active gastrointestinal 
bleeding or uncontioncd peptic ulcer disease, car had uncontrolled brain 
metastases. Patients wiA treated brain metastases who were clinically and 
radiographically stable and did not require corticosteroids were allowed to 
enter onto tl» trial 

Patient Characteristics 

Twenty patients with metastatic melanoma were enrolled after giving 
written inforowd consent Patient characteristics are ouUined in Table 1. All 
patients bad advanced disease; the majority had at least three sites of 
metastasis. 60% of which were visceral (ic, noncutancous and nonpulmonary 
metastases). Approximately two thirds of die patients had received prior 
tbcrw ^0 P»*»«>*« ^ ^ d^drogcnasc (LDH) level, 

which is an important negative prognostic factor.^ Only 45% were positive 
for at least one recall antigen (mumps, Camtida, or T>ich<^hytin) by DTH 
skin testing. 

RT'PCR Analysis 

RNA was isolated from fresh tumor ceUs using guanidine and cesium 
chloride. cDNA was synthesized and PGR was performed for Melan-A 
and beta-actin using the primer pairs and reaction conditions described 
previously." Control reactions without reverse transcriptase were per- 
formed to mle out a contribution of genomic DNA. PCR products were 
visualized using a 1 3% ethidium bromide-stained agarose gel. No formal 
quantitation was performed. 

Vaccine Preparation 

Therapy consisted initially of three 21-day cycles. Vaccinations were 
given on tfw first day of each cycle and rhlL-12 was administered subcuta- 
ncously on days 1 . 3. and 3. Approximately 100 to 150 raL of peripheral 
blood from patients was collected on day 1 of ead> cycle into heparintzed 
60-mL syringes using sterile technique. PBMCs were isolated over a 
Lympboprq* gradient (Lymphoprcp; Axis-Shield PoC. Oslo, Norway), 
counted, washed, and resuspoidcd in Dulbecco's phosphate-buffered saline 
(DPBS)at40X 10*cens/mL.Atlca6tl0X 10* cells from each sample were 
ciyoprescrved to prepare CDS* and CDS" fractions for subsequent corrcl- 
ative immuDotogic studies. The Mclan-Aj^-js pcpride (AAGIGILTV) was 
produced according to good manufecturing practice standards by Multiple 
Peptide Systems (San Diego, OA) and provided in lyophilized vials. AUquots 
of peptide were prepared at 5 nunol/L in dimeAyi sulfoxide and stored at 
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Abbrovioliom: ECOG. Eo^^Cooporo^ Oncobgy Group; iFN-«, interferon 
alfa-2b; IDH, bdote clakydrogofiwo; DTH, deloyakypo hypanorolfivily. 

^btpanmentd therapy other than a melanomo vocctno, immunomodulotory 
cytotdno, or ^KmAtsnxpf. 



-80^C for up to 3 months. Peptide preparations were quality controlled for 
HLA-A2 binding, sterility, and identity by higb-per£Dnnance liquid chroma- 
tography and mass spectrometry. An aliquot of peptide was dihited to 20 
pmol/L in DPBS and mixed with an equal volume of patient PBMCs (final 
peptide concentration. 10 >unol/L; target number of PBMCs. 10^ followed 
by incubation at 37»C for 1 hour m 10 mL DPBS. The cells were then 
irradiated (20 Oy), washed in DPBS, and resuspended in 1 mL DPBS. The 
suspension of pcptidc-loaded PBMCs was inj«ied sc using a l-mL syringe 
and a 21-sauge needle, divided evenly into two sites. Preferred sites were 
those near draining lymph node basins but not near a tumor mass. The actual 
number of PBMCs administered per vaccine ranged from 78 to 100 X 10*. 

rhIL-12 was ptxyvided by Genetics Institute (Cambridge, MA) as a 
lyophiUzed powder of 10 fig under vacuum. Each vial was intended for 
single use only and was stored as a powder in our research pharmacy at 2 to 
8**C until reconstituted with sterile water for injection. Once reconstituted, 
ifaIL-12 was loaded tikto 3-mL syringes and used within 4 hours. rhIL-12 (4 
fig) was administered sc with a 25-gauge needle just after pulsed PBMC 
inoculation and immediately adjacent to one of the two immunization sites 
on days 1, 3, and 5. The same approximate location was used for each 
injection of peptide-pulsed PBMCs and ifalL-12 for each cycle. 

Toxicity Assessment and Criteria for Clinical Response 

Toxicities were determined using the National Cancer Institute common 
toxicity criteria scale version 2.0. A complete rc^)onse (CR) was assigned if 
there was disappearance of all lesions without the appearance of any new 
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lesions- a partiaJ response (PR) was defined as £ 50% reduction in total 
tumor volume; a minor response (MR) was defined as Jess than 50% 
reduction in total tumor volume; progressive disease (PD) was assigned if 
new lesions appeared, any tumor reappeared, or if a 25% increase in tumor 
area was observed; a mixed response was assigned if at least one tumor 
decreased in size with oAer or ocw tumors growing; stable disease (SD) was 
anything that did not fit the afwwncntioncd criteria. When possible, 
cutaneous lesions were pbotograpted. 

CD8* T-Cell Preparation 

CDS* and CDS" fiactiotJS ftxwi PBMC were isolated at the time of 
meparatioD of each vaccine and cryopreserved until analysis in batch 
fadiion CD8* T lymphocytes were isolated by positive selection using CDS 
microbcads and magnetic columns (MACS system; Miltenyi Biotech, 
Auburn. CA). The unbound CDS" firaction was cryopreserved for use as 
antigen-presenting cells for in vitro expansiwi of specific CDS* T cells. 
Althou^ the primary EUSpot analysis was performed directly witfi thawed 
cells, a secondary assay was carried out after in vitro cxpanston. For in 
vitro expansion. CDS" cells were thawed from each time point and pooled, 
pulsed with 50 ^unol/L Melan-A peptide in serum-free Iscove*s modified 
Dulbecco's medium (IMDM) witii belaj-microgldbulin, inradiated (3.000 
n«a washed, and plated at2 X 10* ceDs^l in 24^1 plates. 
were thawed and cutaired with the inadiated CDS' cells at 4 X 10* ceUsAveD 
in IMDM medhmi containing 10% human AB serum. After 5 days, die cells 

colkcted and plated widi a new batdi of Meilan-A.1?u^ 
cdls. After an aiUitional 5 days die celb were collected and tested. 

EU^t Assays 

Briefly, 96.weU membrane bottomed plates (MAHA S4510; MilUpwe, 
Bedford. MA) were coated widi 15 y^niL of antihuman IFN-y antibody 
(Mabtech. Cincinnati. OH) in PBS. The pUtcs were washed and CDS T 
cells, cither freshly thawed at 5 x I0« cells/well or after in vitro expansion 
at 5 X 10* cellsAvcU, were plated in triplicate in IMDM medium with 10% 
human AB scrum. T2 cells (transporter associated with antigen processing- 
deficieniccll line, American Type Culture Collection no. CRI 1992) were 
pulsed for 1 hour at 37**C with 50 /imol/L peptide (eithw derived from HIV 
[ILKEPVHGV], ^wtein-Barr virus [EBV; GLCTLVAML], or Melan-A 
[AAGlGILTVli washed, and plated at a 5-to-l ratio to the T cells. A 
replicate of CDS* T cells was stimulated wid» PMA (photbol 12-myristate 
13-acetate) (50 ng/mL) + ionomycin (0.5 M»toL) ^ » positive cratrol. After 
24 htfms, the cells were removed by washing with PBS + 0.05% Tween 
(wash buffer), and biotinylated antihuman IFN-y antibody was added in PBS 
+ 0J% fetal calf serum. The plates were incubated fw 2 to 4 hours at room 
temperature, washed, and strcptavidiiMLlkaline phosphatase was added for I 
hour at room temperature. The plates were then washed, BOP-NBT 
(5-bromo4-chlofo-3.indolyl phosphateMitro-bhie letrazolium) was added, 
and the plates were finally washed with water and allowed to air diy. Plates 
were scanned with an EUSpot reader (CTL Technologies, aeveland, OH) 
and Ae number of spots per weU was enumerated after the background was 
set OD the basis of wclta that had been incubated with medhim olooe; spot 
separation was adjusted using hnrounospot software (CTL Tcdmologies). 
For each sample, the number of T cells producing IFN-7 in response to EBV 
or Mclan-A peptides was delermmed by subtracting the number of spots seen 
in rejponse to HIV peptide. TTw mean and SD were deteraiined for each 
triplicate sample. After immuni28tion. the time point at which peak frequen- 
cies among the first three cycles were observed was used for data analysis. 

Statistical Anafysis 

Con^sons between pre- and post-EUSpot frequencies were performed 
using a paired / test, and comparisons of augmented ELISpot frequencies 
between respondcrs and nonresponders were made usir\g an unpaired 
two-sided / test Coirebtions between various dicbotomous variables and 
clinical outcome were made using Fisher's exact test (two-sided). Survival 
data were determined using the Ka^)lan-Meier method, widi differences 
amoi^g subgroups assessed titt log^ank tesL AU analyses were perform 
using SPSS software (version 8.0; SPSS Inc. Chicago, IL). 
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RESULTS 

Immunization Treatment and Toxicities 

Each 3-week cycle consisted of inununizadon on day 1 and sc 
rfiIL-l2 administration on days 1, 3, and 5» as described in 
Methods. Three cycles constituted one course of therapy and 
patients were evaluated for response after each course. Patients 
were observed a& inpatients in our General Clinical Researdi 
Center for the first 24 hours of each cycle. 

Adverse reactions are listed in Table 2. All bat one patient 
completed at least three cycles of tber^y. There wm no grade 
3 to 4 toxicities; two patients had grade 2 neutropenia, and two 
patients had grade 2 ALT or AST elevations, whidi were reversible. 
The most common adverse reactions were fatigue and fever. 

Clinical Outcome 

Clinical response outcomes are listed in Table 3. Two patients 
had a CR, for an overall response rate of 10%. In ad^tion, four 
patients (20%) had a mixed response, one patient (5%) had an MR, 
four patients (20%) had SD, and the remdnmg nine patients (45%) 
had PD. The sites of tumor respwise were diveree. Ibe two patients 
who C3q)erienced a CR bodi had numaous metastases of 2 cm or 
less and a nonnal LDH. One patiart was female, had mMltq)le 
cutaneous lesions, and no prior tten^jy; the oflser patient was male, 
had muldple hmg lesions, and had experienced prior treatment 
Mure from chemoimmunodieKqjy. Neither patient experienced a 
lecuirence with a mean follow-^ time of 28 months at die time of 
data analysis. Of die five odier patients 1^ showed a decrease in 
size of at least one tumor mass, three had responses in skin, one had 
a response in bone, and one bad a response in an adrenal lesion. 
Three of die four patients widi SD had visceral metastases. 

TobbS, CGnkdOuCcoma 
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Peptide^pec^ T-Cell Responses by EU^t 

A careMly cofitroUcd IFN-y ELlSpot assay was used to 
monitor the immune response to immunization. Ciyoprescrved 
CDS* T cells were thawed in batch fashion and stimulated in 
triplicate directly ex vivo with T2 cells loaded with peptides 
derived from eidier HIV, EBV, or Melan-A. The HIV vahies 
were subtracted fam those obtained with either Melan-A or 
EBV as an internal control at each time point Seventeen of the 
enrolled patients had adequate cryopreserved material with 
which to perform immunologic assessments. 

As shown in Fig 1, some patients displayed a high frequency 
of Mclan-A-^specific CDS"*" T cells before vaccination, with as 
high as 1% of CDS* cells responding to tiiis peptide. Tbese T 
cells were functional because they produced IFN-r The majority 
of patients showed an increase in the frequency of Mcian-A- 
specific cells after immunization (P - .015). In contrast, the 
frequencies of specific CD%^ T cells responding to the EBV 
peptide did not vary significantly overall {P = .86). Although die 
changes in T-cell frequency were modest, these results demon- 
strate an antigen-specific response after immunization with 
Melan-A peptide-pulsed PBMC + rhlL-lZ 

The changes in Melan-A-specific ELlSpot fixquencies were 
coihpaied among patients who had a mixed response or better 
and those who had no clinical response. As shown in Fig 2, the 
mean increase in Melan-A-specific T cells for die clinical 
respondcrs was 112 ± 45 and for nonrcspondos was 26 ± 16, 
indicating that a greater absolute increase in Melan-A-q>ccific T 
cells was associated with tumor regression (P = .046). 

Survival and Associations Between Immunologic Parameters 
and Clinical Outcome 

The overall median survival was 12.25 months and is shown 
in Fig 3A. Seven patients rennained alive at die time of data 
analysis, with all patients followed beyond 12 months. Because 
die presence of elevated levels of serum LDH is a known 
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negative prognostic factor," survival was also compared in 
response to this vaccine on the basis of LDH level (Fig 3B). The 
median survival for patients with an elevated LDH level was 
9.25 months, whereas the median had not yet been reached for 
those with a normal LDH {P ~ .005). In addition, the median 
survival for patients who experienced a significant inoease in 
Melan-A-specLi5c T cells was not yet reached, ccmipared with 
8.5 months for patients without a significant increase m Melan- 
A-^ific cells (Fig 3C; P = .120). 

Additional immunologic parameters that had been measured 
were also analyzed for associations with either clinical response 
or survival and are summarized in Table 4. Neither a positive 
recall DTK to standard antigens nor a relatively high number of 
EBV- or Melan-A-specific CDS"*" T cells before immunization 
correlated with either outcome. The median pretreatment Melan- 
A-specific T cell firequency was 23 in clmical nonresponders and 
-26 in responders. To increase the sensitivity of the assay to 
detect Melan-A-specific T cells, an in vitro expansion was 
performed on die preimmunization samples and analyzed by 
ELlSpot as described in Methods. Ten patients showed high 
Melan-A-specific T cell fi?equencics after in vitro eigjansion. 
However, this also failed to correlate with clinical outcome. 
Finally, although a noniial LDH level was associated with 
survi^ it did not correlate with clinical rc^nse and also did 
not correlate with immune response. Collectively, these results 
reinforce the specificity of the result showing a dgnificant 
association between an increased number of Melan-A-specific T 
cells and clinical outcome. 

Expression of Melan-A in Resected Tumors 
After Immunization 

It was conceivable that some patients devel(^>ed PD despite 
immunization because of outgrowdi of Melan-A-negative tumor 
cells. Posttreatment tumor samites were obtamed from progressing 
tumors fixOTi dirce patients and analyzed by RT-PCR. Altbou^ die 
new metastasis that developed in patient 1 was negative for 
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Melan-A e3q>rcssion, those sainplcs from patients 4 and 6 retained 
detectable expression of Mclan-A niRNA (Fig 1). These results 
indicate Aat, althougji outgrowth of antigen^egadve tumois can 
occur, otho- mechanisms of resistance to unmune destruction likely 
explain the lack of clinical response in other patients, 

DISCUSSION 

to this snidy we used Melan-A peptide-pulsed autologous 
PBMC + riiIL-12 as a vaccine to treat HLA-A2-positive 
patients with advanced melanoma. We observed a significant 
increase in Melan-A-specific IFN-ri>roducing CDS* T cells 
after immunization, and found a statistical association between 
clinical response and the magnitude of the specific T-cell 
increase. Although it is difficult to compare across individual, 
small phase U studies, these results are similar to those that have 
been reported using antigen-loaded dendritic cells, but with a 
strategy that may be more straightforward to execute. 

Preparation of the peptidc-loaded PBMCs typically took 5 
hours from phlebotomy to injection, and quality control of the 
cell product was facilitated by the lack of an extended in vitro 
culture period and absence of exposure to culmrc medium or 
serum proteins that is required for dendritic cell preparations. 
Conversely, dendritic cell vaccmes have been prepared in 
batdies and cryopreservcd in individual doses in some studies, 
which obviates the need to prepare a IVesh vaccine at each time 
point Cryoprescrvation of vaccmes has not yet been examined 
with our current approach. A comparative trial between PBMC/ 
rfiIL-12 and dendritic cell-based vaccination may, therefore, be 
of interest as the technologies continue to develop. Our results 



support the notion developed in preclinical models that IL-12 
can contribute, to effective antitumor immuniQr, and are consis- 
tent with the results of a recent adjuvant vaccine stody using 
rhIL-12 in melanoma,^ 

We used a direct ex viyo ELISpot assay to assess antigen- 
specific T-cell responses in this study. Control experiments 
testing EB V reactivity firam normal donors revealed that ELIS- 
pot analysis could be performed accurately on cryoprcserved 
CDS* T cell samples inomediately after thawing (H. Harlin and 
T. Gajewski, uripublished data). We found that background 
reactivity against the control HIV peptide varied anraog patients 
and to some extent among time points for an individual patient 
The magnitude of increase in apparent Melan-A-reactive T cells 
would have been greater in sonw patients had the values 
obtained with the HIV control peptide not been subtracted. We 
believe that this experimental detail is critical because it normal- 
izes the san^jles for background difTerences and provides an 
internal control for minor variation between individual vials of 
cryoprcserved T cells. We also compared the Melan-A frequen- 
cies to those against an EBV control peptide, to determine 
whether the treatment was altering ELISpot results. We per- 
formed our analyses on purified CDS'*' T cells to control for 
variable numbers between patients and across time points. It is 
possible that we excluded subpopulations of CDS" T cells, 
CD4* T cells, and natural killer T cells fliat could have produced 
IFN-y in response to Melan-A. Nonetheless, our results revealed 
a measiffable and significant increase in Melan-A-^>ecific T 
cells posttrcattnent Our currently en^loyed ELISpot assay is 
distinct from the assay used in our phase I trial of peptide-pulsed 
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PBMC + rhIL-12 and in other trials^'*^ ia wbich in vitro 
expansion had been performed before assessment of IFN-7 
production. Analysis of T-cell responses with minimal in vitro 
manipulation should most accurately reflect the status of those 
cells in vivo. 

High frequencies of Melan-A-specific, IFN-r-producing 
CDS'*" T cells were observed in some patients at study entry 
vi^en they clearly had progressively growing melanoma. This 
observation indicates that die absolute frequency of functional T 
cells against a tumor antigen does not correlate with the behavior 
of the tumor. We also foimd no statistical association between 
this high frequency and clinical outcome; in fact, the two patients 
who experienced a CR had undetectable Melan*A-5pecific T 
cells before therapy. Although high frequencies of T cells 
reacting with a Melan-A tetramcr have been detected in some 
normal donors,^^ those cells bad a naive surface phenotype and 
did n(rt produce high levels of IFN-7. What did correlate with 
clirucal response in our current study is a meaningful increase in 
Melan-A-specific T cells posttreatment These increases were 
modest (a net gain of 112 spots per 10' CDS'*" T cells on 
average), indicating either that a subtle alteration in the steady- 
state between the immune response and a growing tumor in favor 
of increased T-celt frequencies is sufficient to translate into 
tumor regression, or that another immune function that we are 
not measuring is contributing to the final event of tumor 
shrinkage. Tumor regressions without detectable increases in 
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T-cell frequencies using standard assays have been observed in 
other studies.^^ 

The median overall survival in our study was 12.25 months 
from treatment initiation, which is greater than the expected 6 to 
9 moDths for this patient population. Althougih it was a relatively 
small study and subject to selecdon bias, most padents were 
pretreated and had visceral disease, one half of the patients had 
elevated serum LDH levels, and four patients had treated brain 
metastases. As has been seen in melanoma patients treated widi 
standard therapies^ we foimd that an elevated serum LDH level 
was a negative prognostic factor for survival. Whether, this is 
reflective of tumor burden or the metabolic state of the tumor 
ceils that have adapted to an anaerobic environment is imdear. 

Some patients developed increases in Melon-Anspecific T 
cells and developed progressive tumor growth despite retained 
expression of the antigen on posttreatment biopsies. This obser- 
vation is similar to that seen in murine studies^ and indicates 
mechanisms of tumor resistance downstream from initial T-cell 
priming, presumably within the tumor microenvironment Poten- 
tial explanations include poor T-cell trafficking to tumor sites, 
presence of negative regulatory cells, T-cell anergy or death, 
expression of inhibitory molecules by tumor cells, or downregu- 
lation of class I major histocompatibility complex or antigen- 
processing molecules.^*^ Future studies should investigate 
definable mechanisms of tumor escape that allow tumor cells to 
resist elimination by antigen-specific T cells in vivo. 
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Vaccination with Mage-3A1 Peptide-pulsed Mature. 
Monocyte-derived Dendritic Cells Expands Specific 
Cytotoxic T Cells and Induces Regression of Some 
Metastases in Advanced Stage IV Melanoma 
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Summaty 

Dendritic celU (DCs) are considered to be promblng adjuvants for Inducing Immunity to ^ 
ter We used mature, monocyte-derived DCs to eUdt resistance to malignant melanoma The 
DCs were pulsed with Mage-3A1 tumor peptide and a recall antigen, tetanus JO'^^ or tobw- 
culin 11 far advanced stage IV melanoma patients, who were progressive despite standard che- 
S^a«py. received five DC vaccinations at 14-d Intervals. Hie first three vacclr^flons were 
admlnlstSed Into the skin. 3 X 10^ DCs each sul^«neously and mtradermaUy. ^y 
two intravenous Injections of 6 X 10» and 12 X 10« DCs. respectively Only minor 0^*an 
or equal to grade ID side effects were observed. Immunity to the recall »n"8en was boosted^ 
?,gSicant eS^ons of Mage-SAl-spedfic CDS* cytotoxic T lymphoq^ (Cll) preamon 
were induced In 8/11 patients. Curiously, these Immune responses often dedined after die in- 
travenous vaccinations. Regressions of individual metastases (skin, lymph node. lung, and Uver) 
were evident in 6/11 patients. Resolution of skin metastases in two of the patlentt ^J^; 
panled by erythema and CDS* T cell InfUtretlon, whereas nonregressing l«lons beted CD8 
T cells as wdl as Mage-3 mRNA expression. This study proves the principle ttat DC vac- 
cines" can frequently expand tumor-spedflc CTLs and elicit regressions even In advanced can- 
SJ^d^ aSSfp^vldes evldenceTr an active CDS* CTL-tumor ceil interaction in situ 
as well as esc^ by lack of tumor antigen expression. 

Key words: dendritic cells - vaccination <> active imnuinotherapy ° melanoma - 
cytotoxic T lymphocytes 



It is now established that the Immune system has cells, 
particularly CDS* CTLs. that can recognize tumor anti- 
oem and kill tumors (1. 2). Nevertheless, a major problem 
b that these T ceils arc either not induced or only weakly 
Induced. I.e.. the T cells are not evident In the systemic cir- 
culation. One possibility is that there fa Inadequate tumor 
antigen presentation by dendritic cells (pay nature sad- 
juv^t- for eUdtmg T ceU immunity (3). Another is that 

lAbbreviatiam used in tbb papet: CNS. central nervoi^ DCs. den- 

dritic celU; DTH. ddayed-type hypei^nsUMQJ MCM. moaocyte-con- 
ditloned medium: RT, revene tramoiptase: TT. tetanus toxoid 



tumor-reacttvc T cells are tolerized by the tumors (1, 4). 
Melanoma provides a compeUing setting In which to pur- 
sue a current goal of cancer Immunotherapy, the generation 
of stronger tumor-spedfic T ceU Immunity, particularly 
with CTLs (4). The majority of tumor antigens identified 
so far are expresised by melanomas (2). Limited antimelanoma 
CTL responses have been detected (5). and infusions of IL-2 
expanded killer cells can lead to rejection of melanoma (6). 

Conventional adjuvants promote antibody rather than 
CTL responses. Therefore, several novel strategies are be- 
ing explored to Induce tumor-^>eclflc T ceU immunity. 
DC vaccination is one of these (3), Immature DCs capture 
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antigens but lack full T ceU-stimulatoiy acUvity (7). In the 
presence of appropriate sUmull, such as inHammatory cyto- 
kine, the DCs mature, DCs upregulate T cell adhesion and 
costlmulatoiy molecules as weU as select chemokine recep- 
tors that guide DC migration, into lymphoid organs for 
priming of anUgen-spedfic T cells. The use of DCs as adju- 
vants b supported by many animal experiments with pri- 
marily mature DCs (3, 8). These studies have shown that 
the injection of tumor antigen-loaded DCs reliably induces 
tumor-specific CTL responses, tumor resistance, and in 
some cases! regression of metastases (3. 8). In the few pilot 
trials reported so far for humans. Unmature DCs have been 
employed (9-11). Scattered tumor responses are reported, 
but evidence for the induction of tumor-specific CTLs by 
DC vaccination has not been shown. 

We have developed a technique to generate large num- 
bers of homogenous populations of mature and stable DCz 
from monocytes in the absence of nonhuman proteins (12, 
13). We are now exploring the use of these DCs as vaccine 
adjuvants in humans. Here we provide the proof of the prin- 
ciple by demonstrating that tiiree intracutaneous injections 
of Mage-3Al peptide-pulsed mature DCs reliably enhance 
. Mage-3Al-^>ecific CDS* and recaD CD4+ T ceU immunity 
in heavily pretreated. progressive stage IV melanoma patients 
with large tumor loads. Ejq)ansion$ of Mage-3Al-«pecinc 
CTL responses have not been previously detected after 
Mage-3A1 peptide vaccination in less advanced melanoma 
patients (14). underscoring the potent adjuvant properties 
of DCs. As regressions of metastases also occurred upon 
DC-mediated immunization and were accompaniied by 
CDS* T cell infiltration, we propose that the induced 
Mage-3Al-specmc CTLs are active In vivo. 



Materials and Methods 

Patfent El^bOity Criteria 

Patients were digible if they suffered finom stage IV (U-. distant 
metastases cutaneous imligtHnt melanoma (1988 American Joint 
Committee on Cancer/Union Internationale Conu-e Cancer 
pTNM staging system) that was not curable by resection and was 
progressive despite chemo(lmmuno)theraRy. Further indurion ^- 
Teria were an expected survlvaJ 2:4 mo. Kamofsky index S60%. 
age 218 yr. measurable disease, HLA-Al posiOvlty, expresrfon of 
Ma«e-3 gene shown by reverse transcriptase (RI)-PCR in at least 
one excised metastasis, and no systemic chemo-, radio-, or Im- 
munotherapy within 4 wk (6 vsdcln the case of nitrosurca dnigs) 
preceding the fint DC vaccination. A positive skin lest to recall 
antigens was not required. Important exclusion criteria were ac- 
tive central nervous system (CNS) metastasis, any significant psychi- 
atric abnonnality. severely Impaired organ function (hematological, 
renal, Uvei). active autoimmune disease (except vitiligo), previous 
splenectomy or radiation therapy to the spleen, organ aUografts. evi- 
dence for another acUve malignant neoplasm, pregnancy, lactation, 
or participation (or Intent to participate) in any otijer clinical trial. 
Concomitant treatment (chemo- or immunoti^rapy. corticoster- 
oids, invesdgatkmal dnxgi. paramedical substances) was prohibited. 
PaniaUve radlaticffi or surgical tiierapy of selerted metastases and cer- 
tain medications (acetaminophen/paracetamol, nonsteroidal anti- 
Inflammatory dnigs. opiates) to control syn^oms wm allovml. 



Qinka} Protocol and Study Design 

The study was performed at the Departments of Dermatology 
In Eriangen. Wtiraburg, and Mainz. Germany according to stan- 
dards of Good Clinical Practice for Trials on Medicinal Products 
In the European Community. The protocol vras approved by die 
-Protocol Review Committee of tiie Ludwlg Institute for Cancer 
Research (New York. NY) and performed under supervision <rf 
its Omce of Clinical Trials Management as study LUD #97-001. 
The protocol was also approved by the ethics committees of the 
Involved study centers. 

The study design is shown In Table II. All patienb gave writ- 
ten infonned consent before undergoing a screening evaluation 
to detennine their eliglbiUty. Extensive clinical and laboratory as- 
sessments were conducted at visits 1 . 5. and 8 (Table 11) and con- 
sisted of a complete physical examination, staging procedures, 
and standard laboratory values as weU as special ones (pr^nancy 
test. &«e testosterone inmates, autoantibody jwoaie. and antibodies 
to HIV-1/2. human T cril lymphotroplc virus type I hepatitis B 
virus, and hepatitis C vlrua). Patients were hospitalized and exam- 
ined the day before each vaccination and were morUtored for 
48 h after the DC Injections. Adverse events and changes In labora- 
tory values were graded on a scale derived firom the Common 
Toxicity Criteria of the National Cancer Institute. National Insti- 
tutes of Health. Bethesda, MD. 

PwductionoftheDCVaaine 

Durir^g pi^study wreenlng. we tested a smaU amount of fresh 
blood to verify that appropriate numbers of mature DCs could be 
generated from the patient s monocytes (12). SufBdent DC num- 
bers could be successfully generacted In all patients, but In some pa- 
tients the test generaticm revealed that TNF-a had to be added to 
assure fuU maturation. To avoid repetitive blood dravringi. we pa- 
fomied a single leukaphererfs during visit 2 to gen^te DCs as de- 
scribed (13). In shcfft. PBMCs from the leulcaphercsis (^10^* nu- 
cleated ceBs) were Isolated on Lymphoprep'** (Nycomed Phamna) 
and divided into three fractions. The first fraction of 10' PBMCs 
was cultured on bact«1rfoglcal petri dishes (Cat #1005; Falcon 
Labwarc) coated with human Ig (100 jtg/rnl; Sandogtobln^; ^ 
doz GmbH) In complete RPMI 1640 medium (Blomittakei) 
supplemmted with 20 fig/ml gentamlUn (Refobadn 10; MerdO. 
2 mM glutamlne (BloWhlttaker). and 1% heat-lnactivaied human 
pbsn» for 24 h to generate monotyte-condltloned medium 
ffvfCM) for later loe as the DC nrutturation stimulus. The second 
fraction of3 X 10^ PBMC^s was ttsed for tiie generation of DCs few 
vaccination 1 and delayed-type hypcrsenwtivity (DTH) test 1. Ad- 
herent monocytes were cultured m 1.000 U/ml GM-CSF (10 X 
10^ U/mg; Leukomax™; Novarti^ and 800 U/ml IL-4 purity 
>98%: 4.1 X 10' U/mg in a bloasay using proliferation of human 
IL-4R* CTLL; CeHGenbc; expressed In fiscfterfdiia col/ and pro- 
duced under good laboratory practice conditions but verified for 
gcod manufecturing practice [GMP] safety and purity criteria by 
us) for 6 d and then MCM was added to mature the DCs. MCM 
was supplemented In patients 04. 06. 09 Jl. and 12 witii 10 ng/ml 
GMP-rtiu TNF-a (purity >99%; 5 X 10' U/mg In a bloassay us- 
ing murine L-M cells; a gift of Dr. OR Adolf. Boehringer Ingel- 
helm Austria, Vienna. AusUla) to aassure full maturation of DCs. 
Mature DCs were harvested on day 7, The third fraction of PBMCs 
was frozen In allq uots and stored In the gas phase of Uquid nitrogen 
to generate DCs for later vacdnattons and DTH tests. 

XyCs for vaccinations were pulsed with the Matge-3A1 peptide 
(15) (EVDPIGHLY. synthesized at GMP quality by CUnalfa) as 
tumor antigen, and as a recaU antigen and positive control, tetanus 
toxoid (TT) or tuberculin (if at visit 1 tiw DTH to IT In tiie 
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Multitest Merieux was >10 mm; both purchased from the Bacte- 
rial Vaccines Department of the Statens Serum Institute, Copen- 
hagen. Denmark): The recall anUgen was added at 10 |i.g/ml for 
the last 24 h. and the Mage-3A1 peptide was added at 10 \M di- 
rectly to the cultures for the last 8 h (if Immunity to recall anU- 
gens was strongly boasted, the dose of recall antigen was r^uced 
to LO or O.l Jig/ml or was omitted for the Intiavenous DC In- 
jecUons to avoid a cytokine release syndrome). On day 7. mature 
DCs were harvested, resuspended in complete medium, washed^ 
and pulsed once more Mdth Mage-3A1 pepUde (now at 30 jtM) 
for 60 mln at 3rC. DCs were finaity vrashed and resuspended In 
PBS (GMP quaUty PBS: BloWhittaker) for Injection. DCs to be 
used for Mage-3A1 DTH tests were pulsed vvrlth Mage-3A1 (but 
no recall antigen): DCs that served as negative control In the 
DTH tests were not pulsed at aU. An aUquot of the DCs to be 
used for vaccinaUons was analyzed as described (13) to assure that 
functionally active and mature DCs were generated. The features 
of the DCs are described in Results. Release criteria were typical 
morphology (>95% nonadherent veiled cells) and phenot>9e 
>95%HLA-DR+*+CD86+*^CD40+CD25+CDH 

homogenously CD83**). 

hnmunization Schedule 

A total of Ave vaccinations (three into the skin followed by 
two intravenously) vrtth antigen-pubed DCs were given at 14-d 
Intervals (Table 11). This design was chosen to explore the toxic- 
ity and efficacy of various routes in this trial. For vaccinations 1-3^ 
3 X 10^ DCs were given subcutaneously at two sites (1.5 X l\JF 
DCs in 500 PBS per site) and 3 X 10* IntradetmaUy at 10 sites 
(3 X 10* DCs in 100 »U PBS per site). The Injectton sites wot 
the ventromedial regions of the upper arms and the thighs ckwe 
to the regtonal lymph nodes and were rotated dockwise. Limbs 
where draining lymph nodes had been removed and/or Irradiated 
were excluded. For Intravenous vaccinaUons 4 and 5. a total of 6 
and 12 X 10« anUgen-pulsed DCs (resuspended In 25 or 50 ml 
PBS plus 1% autologous plasma) was administered over 5 and 10 
min, req>«^vely. Premedteatlon wiA an ant^yreUc (500 mg acet- 
aminophen/paracetamol P.O.) and m antihistamine (2.68 mg cte- 
mastinhydrogenfumarat i.v.) wras given 30 nnln before Intnivencms 
DC vacclnaUpn. 

Evaluation d Immune Status 

Recall AnUgen-spedru Proliferation and Cytokine Production, 
PBMCs were cultured in triplicate at two dose leveU (3 X 10* 
and 1 X 10* PBMCs/wdl) plus or minus TT or tuberculin (at 
0.1. 1. and 10 Me/ml) and pulsed on day 5 with CHJthymidine 
for 12 h. In aD cases, the highest cpms were obtained with the 
highest doses of PBMCs and antigen and are shown in Fig. 2. 
IL-4 and lFN-7 levels were measured in culture media by EUSA 
(Endogen. Inc.). In a separate plate, staphylococcal entcrotoxin 
PEA: Serva) added at 0.5, 1 , and 5 ng/ml. and proliferation 
was assessed after 3 d to provide a positive control for helper T 
cell viability and responsiveness. 

Enzynte-Unked Immunol Assay lor IFN- y Release 6xm Sln^ 
Antigen-spedBcT Cells. To quantiUte antigen-^jecinc, lFN--y- 
releasing, Mage-3Al-speclfic effector T ceUs. an enzyme-linked 
immunospot (EUSPOn assay was used » described (16). PBMCs 
(105 and 5 X lO^/welO or in some cases CDS"*- or CD4+ T cells 
(isolated by MACS™ according to the manufaaurer, MlUenyl 
Biotec) were added in triplicate to nitrocellulose-bottomed 96-wcO 
Dlates (MAHA S4510; Mlllipore Corp.) precoated with the pri- 
Ly anti-IFN-7 mAb (1-DlK: Mabtech) In 50 jtl EUSPOT 
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medium (RPMl 1640 and 5% heat-inactivated human seniin) per 
weU. For the detection of Mage-3A1 -reactive T cells, ti^e APCs 
were irradiated T2.A1 cells (provided by P. van der Brugge. 
Ludwig Institute of Cancer Research. Brussels. Belgium) pulsed 
vrtth MHC class I-restricted peptides 9v4age-3Al peptide and the 
mV-l pl7-dertved negative cortrol peptide GSEELRSLY) added 
at 7.5 X lWv(^ pinal volume pi/well). After Incubation 
for 20 h, wells were washed she times, incubated wtth blotiny- . 
lated second mAb to IFN-7 (7-B6-1: Mabtech) for 2 h, washed, 
and stained witii Vectastaln EUte kit (Vector Labs.). For detec- 
tion of TT-reactive T cells. TT was added at 10 ftg/ml directly to 
the PBMCs (1 or 5 X 10* PBMCs/flal-bottomed 96-weU plate). 
Assays vrere performed on fresh PBMCs. Spots were evaluated 
and counted usir^g a ^>eclal computer-assisted video Imaging analy- 
sis system (Carl Zeiss Vision) as described (16). 

SemlquanUtaUve Assessment of CTL Precursors, The multiple 
microculture method' developed by Romero el al. (17) was used 
to obtain a semiquantitative assessment of CTLp (precursors) spe- 
cific for Mage-3A1 peptide. Allquots of frozen PMBCs were 
tiiawed and assayed together. CDS* T celU were Isolated with 
magnetic mlcrobeads (MACS^ separation columns: MlUenyl Bk>- 
tec) and seeded at 10*/well in 96-weU round-bottqmed pUtes In 
RPMI 1640 with 10% heat-Inactivated human serum. The CDB" 
PBMCs were pulsed with pepUde Mage-3A1 or the Innuenza 
PBl contnd peptide VSDGGPNLY (10 ^lg/ml: 30 mln at room 
temptfature). Irradiated (30 Gy from a cesium source), and added 
as an APC populatton at lOVweU togetiier v^rlth IL-2 (10 lU/ml 
final) and IL-7 (10 ng/ml final) In a total volume of 200 fU/weU. 
On day 7. 100 pJ fresh medium vras substituted, and peptide 
Mage.3Al or PBl (1 |ig/ml final) and IL-2 (10 U/ml) was 
added. On day 12. each mlcrowell vras divided into three equal 
samples to test cytolytic activity in a standard 4-h 'iCr-release 
assay on peptide-pubed (10 jtg/ml few 1 h at 37*q T2A1 cells, 
nonpulscd T2A1 ceUs. and K562 target cells, respectively. AU of 
the assays were performed with an 80-fokl excess of npnlabeled 
K562 to block NK activity. Microvrells vsrere scored positive If 
JysJs of T2A1 targets with peptide minus lysis without peptide 
was fel2% and thb specific lysis greater than or equal to 
twice die lysis of T2A1 targets witiiout peptide plus sbc as de- 
scribed (18). We aimed at testing 30 mlcroweUs of 10« CD8+ T 
cells. Therefore. 1/30 positive wells equals at least one CTLp In 
3 X 10* (l.e., 30 wells at 10^ CTLp per welO CD8+ T cells (cor- 
reqxnullng to ^^3 X l(fi PBMCs). 

DTH, DTH to Mage-3A1 peptide was assessed by intra- 
dermal injection at two sites of each 3 X 10* Mage-3A1 peptide- 
toaded DC In 0.1 ml PBS. Negative controls were nonpubed 
autologous DCs in 0.1 ml PBS and 0,1 ml PBS. DTH to seven 
common recaU antigens ^ultitest Merieux) including TT and 
tuberculin was performed on visits 1. 5, arKi 8 (Table II). 

Assesstn&it and Analysis of Tumor Tissue 

For recruitment Into the study, Mage-3 gene expression in at 
least one metastatic deposit had to be demonstrated by RT-PCR 
as described (14). Accessible superficial skin metastases were re- 
moved whenever possible after the vaccinations and subjected to 
Mage-3 RT-PCR as well as routine histology and immunohb- 
tology (to diaraaerize cellular Infiltrates). 

Statistical Analysis 

For analysis of the Immime response, pre- arid postlmmurto- 
tion values were compared by paired f test after togaritiunlc trans- 
formation of the data. SlgniflcaiKze was set at P < 0.05. 



Results 

Patient Characteristics 

AU 13 patients were HLA-AI+. had proven Mage-3 
mRNA expression In at least one excised metastasis, and 
suffered from advanced stoge IV melanoma. i.e.» distant 
metastases that were progressive despite chemotherapy and. 
in some cases, chemoimmunotherapy fTable I). We offered 
DCs to all patients who fuifiUed the Inclusion and exclusion 
criteria. I.e., we did not select for subsets of patients. Two 
patients (numben 01 and 03) succumbed to melanoma af- 
ter two and three vacdnaUons. respectively. 11 patients re- 
ceived all five planned DC vaccinations in 14-d intervals 
fTable II) and were thus fully evaluable. 

Quality of the Vaodne 

M vaccine preparations were highly enriched in mature 
DCs. More than 95% of the cells were large and veiled In 



appearance* expressed a characteristic phenotype by flow 
cytometry (HLA-DR+-^*CD86+++CD40+CD25+CD14-), 
and acted as strong stimulators of an MLR at DC/T cell ra- 
, tios of Sl:300 (13). Most (mean 80%) expressed the CD83 
mature DC marker (19). These features were stable upon 
removal of cytokines and culture for one to two more days 
(13). The DCs were pulsed with Mage-3A1 peptide as a tu- 
mor antigen and TT or tuberculin as a recall antigen. The 
latter were Internal controls for Inununization and possibly 
provided help for CTL responses (20). 

Toxidty 

No major (above grade II) toxicity or severe side effects 
were observed In any patient. Including the two patients 
who were not fxiHy evaluable. We noticed, however, local 
reactions (erythema, Induration, pruritus) at the Intracuta- 
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Tfwtmcntcenten: three patlenU (Q4.08. and 12) were treated In Wueraburg. two in Mainz (patients 10 and 13), and the othcn In Eriangcn. 
P«rfrMmiemtherBiJV*PCI.pofychenK)lmmuno.Precedliigex^ , . / „ . 

M^^!lto^t tt^yentiy: the numl>er and diameter of the largest meustases preu^nt at study entry are listed (number/diameter in mllliineten). 

sIi^J^Ci2l^'^SeIV^^ 1999) blbted as n«mtodnc* onset stage IV unUlstucbr entry +nu^ 

entry. 'PaUent deceased. 

•CNS metastases were regressing at study entry after gamma knife treatment. 
^Developed (in part) after study entiy. 
'Determined by autopsy. • 

•Sudden death from Weeding into CNS mctastasU on ^t 8. ^ fi 

*T>ie rcgressioris of lung metastases in patients 06 and 07 were documented at a stagli^ 3 mo 

mediasL* mediastinum; pancr.. jMncrcas. 

1 672 Dendritic Cell Vaccination of Stflge IV Mdanonrw PaUents 




Table n. Study Design 
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neous vaccination sites that increased with the number of 
vaccinations. In 9/11 paUents. strong DTH reactiions (in- 
duration > 10 mm in diameter) were noted to DCs cany- 
ing 8 recaU antigen (Fig. 1). Elevation of body ten^3cratuie 
(grade I and II fever) was observed in most (9/11) patients 
and was also related to pulsing DCs vsrith recall antigen. 
The most striking example was patient 02, who progres- 
sively developed fever (up to 40*C) upon successive vacci- 
nations but did not show a rise in body temperature when 
TT was omitted for the final (fifth) vaccination. We obseived 
slight lymph node enlargement, clinically in 63% and by 
sonography in 83% of pattents, after the intracutaneous DC 
injections. Interestingly, these were delayed, being inappar- 
ent during the 2 d of monitoring after vaccinations but de- 
tected when paUents vtrere investigated again the day before 
the next vaccination fTable II). 




Inmtunolo0al Responses 

Boosting d RecaU Antig^'spe^hnmxmity. PBMCs that 
had been ftozen before vacdnaUon and 14 d after vacclna- 
Uon 5 were thawed and assayed together, as Rifled in the 
protocol fTable II). In most paUents, a significant boost of 
antigen-specific immunity developed to TT (and tubercu- 
lin in patient 10) {P < 0.004; Fig. 2). Supematants from the 
prollferaUve assays contained large amounts of IFN-7 (mean 
1.679 pg/ml. range 846-4.325) but little IL-4 aFN-y/IL-4, 
3*17-1) In five patients, we studied the kinetics of the immune 
response to TT by IFN-^ ELISPOT analysis. We found an 
Increase after the intracutaneous vaccinations (P < 0.02) 
but a peculiar decrease after the intravenous vaccinations (P < 
0.008; Fig. 3). Thus, comparing recall immunity before and 
after all five vaccinations (Fig. 2) as pre^iecified In the protocol 
(Table II) obviously underestimated the extent of boostirig. 




Figure 1. Local reoctlom to DC» eorrylng Moge-3Al pepUda ond TT 
ct thfi imradennal ond subcutoneow vecdnatlon sttss In pattoU 09 (24 h 
after vaccination 2; top pand) and 02 (48 h after vecdnatlon 3: bottom 
panel). Eiytbema ot the 10 Intrademwl (left) and 2 jubcuianeous (rlgh^ 
vaccination «lt« was followed by Induration >10 mm tn diameter (with 
secondaiy purpura In patient 02). These local reactions represent strong 
DTH reactions to DCs carrying TT, as such strong reactions did not oc- 
cur In response to unpulsed DCs or DCs pulsed wlA Mage-SAl peptide 
alone in DTH tests I-ni fTaWe II; reactkms not shown). 
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Fleore 2. ReeaD anUgen^H^clflc inummtey (tubcroulin In patient 10: 
rr in aU olhef^ as ossay«d by antigen^Vecinc pro 
a« detennlned after th«W (H d after 

^^U^^^S^aiter tbe«py wa. 68.917 m p»d^ OZ. 85.225 In p.- 
2^ M^y^tlent 05, 7,913 in,^tlent 06, 16.367 ^ V^^^ 
107.923 in patlem 09. 22 J90 in padeni 10. ^^^^^T^^^Jfn 
in patient 13 (SEM for all moasurcmeno was <20%). Patients 08 and 11 
could not be evaluated due to shortage <rf celb alter thefapy. 



Expansion Of Mage-SAl-spedncCTLp. AUquoU of 
PBMCs, frozen before the fint and after the thlrf and fifth 
vaccinations, were thawed at the same time (Table U) and 
subjected to a semiquantitative recaU assay for CTLp (refer- 
ence 17- Fig. 4). Before vaccination. CTLp frequencies 
were low or undetectable. In 8/1 1 patients, we found a sig- 
nificant expansion of Mage-SAl-spedfic CTLp as Indicated 
by the increase (mean, eightfold; P < 0.008) of positive 
microcultures In the multiple microculture procedure em- 
ployed for the semiquantitative assessment of CTLp (17). 
Interestingly, in six patients. Uie CTLp frequencies were 
maximal after tiie three intracutaneous vaccinations (P < 
0.0013) but tiien decreased after tiie two additional Inttw^ 
nous vaccinations In aU but one of these patients (P< 01)26). 
Only in 1/11 patients did we observe an increase of CTLp 
to an irrelevant PBl Influenza peptide that served as a spec- 
ificity control (not shown) . 



EUSPOT Anaifysfs fw WN-y^easing. Mage-SAl-speafk 
T Cells. We also tried to detect Mage-3A 1 -specific CTL 
effectors In uncultured fresh, nonfrozen PBMCs by per- 
forming EUSPOT analyses at 14-d Intervals on all patients. 
A significant Increase of MagerSAl -reactive IFN-^ spot- 
' forming cells was apparent only in patients 07 and 09 after 
the first and second vaccinations, re^)ectively, but the fre- 
quency of Mage-3Al-speciflc effectors was very high 
(^.(MK) and 10,500/10' CD8+ T cells; not shown). 

DTHTesttoMag^SAlP^d^-haikdDCs. TestsofDTH 
to Mage-3A1 peptide-loaded DCs jddded eiytiiema and/or 
induration (>5 mm diameter) in 7/1 1 patients (not shown). 
The results were, however, equivocal due to the frequentiy 
ot>served background to nonpulsed DCs (up to 10 mm in 
diameter) and tiie variability from test site to test site, 

Clinka! RespMscs 

. At the end of the trial. i.e.. '^2 wk after the fifth vaccina- 
tion fTable II), we observed ten^rary growth cessation of 
some Individual metastases, but more Intriguingly, in 6/11 
patients, complete regression of individual metastases In 
skin, lymph nodes, lung, and Uver (Table I and Fig. 5). 
Resolution of skin metastases was found In three patients 
(Table I. patients 06, 07, and 08) and in two of them (06 
and 07). it was preceded by kxal pain. Itching, and slight 
erythema. The six regressing skin le^oru of paftients 06 and 
07 (Table I) were also excised and exarrUned by immuno- 
histolpgy. Clusters of CD8* T cells were seen around and 
In the tumor, the latter often necrotic, suggesting an im- 
mune attack (Fig. 6). 

In patients 06 and 08. the metastases excised at study 
entry (four and two, respectively) proved to be Mage-3 
rnRNA*. However, all of the samples removed at the end 
(two and sbc, respectively) were Mage-3 mRNA". suggest- 
ing immunoselection for antigen-negative tumor cells. Re- 
markably, significant infiltration of CD8+ T cells was not 
found in any of these lesions. 



Disctsssion 

In deciding on the source of DCs for this phase I trial, 
we selected mature, monocyte-derived DCs for the foUow- 
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Fisure 3. Kinetic anatysb of tmniunt^ to recafl anUgem 
cs assessed by TT-vedfJc IFN-7 EUSPOT (SEM for all 
nwasurements wta <20%). Blood was drown ^ TaWe 11. 
Study DerigiO before the flrit DC vaccination ond then ev- 
ery 14 d Just before cdmlnlstratlon of ths next DC vacd- 
rwtion (e.g„ pro Voce 0 2 means Immediately fcefcre vecd- 
natlon 2. l.e.. 14 d after vccdnstlon 1), and finally after 
therapy. Time point) ot which vaccinations vyere not per- 
formed lack ban. Note the Increase after the intracutane- 
ous vacdnatlora and the decllr»e upon the two vaccina- 
tions after Intravenous ones. Patient 10. who received 
tuberculln-pukad DCs. exhibited no significant change In 
the TT-spcdfic IFN-7 EUSPOT m expected. 
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Figure 4. Mage-3A1 CTLp frequency analy^ as m- 
sessed by semlquamitattve recall easay. The y-axis and the 
numben above the ban Indicate the percentage of positive 
weOs found before vaccination 1. before vccdnadon 4 (14 d 
after vaccdnatkm 3), and after therapy (usually 14 d after 
vaccination S). 



Ing reasons. Monocyte-derived DCs currently represent 
the most homogenous and potent DG piapulations, with 
several defining criteria and quality controls (12, 13» 21). 
The method for generating productton of these DCs is 
very reproducible and allows the ciyopreservation of large 
numbers of celb at an identical stage of development (12. 
13). Furthermore, these DC« can be produced in the ab- 
sence of potentiaUy hazardous FCS (12, 13, 21). PCS expo- 
sure also leads to large syngeneic T cell responses In cul- 
ture, so their clinical use (11) might produce nonspecific 
immunostlmulatory effects. Unlike other investigators (9-11). 
we chose to use mature rather than Immature DCs for our 
first melanoma trial The DCs that have been used with ef- 
ficacy in animal experiments were primarily mature (3, 8). 
Mature DCs are much more potent In inducing CTL and 
Thl responses in vitro (reference 22 and Jonulelt, H,. A. 
Gieseke. A. Kandemir, L. Paragnik. J. Knop, and A.H. 
Enk, manuscript in preparation) , and the DCs are also resis- 
tant to the immunosuppressive effects of IL-10 (23) that 
can be produced by tumors (24-26). Mature DCs also 
display an extended half-life of antigen-presenting MHC 
class I (26a) and class II molecules (27). Finally, mature 
DCs have a high migratory activity (21) and express CCR7 
(28). a receptor for chemokines produced constltuUvely in 



lymphoid tissues (28). Mature DCs. as used in this cancer 
therapy trial, have recently also been shown to rapidly gen- 
erate broad T cell Immunity in healthy subjects (28), 

Mature DCs were loaded with only one melaiK>ma pep- 
tide. Mage-3A1, to avoid uncertainties regarding loading of 
DCs yAth multiple peptides (11) o( varying affinity and off 
rate. Success loading was verified with a Mage-SAl-spe- 
ciflc CTL clone and ELISPOT analysis (not shown). The 
Mage-3A1 peptide (IS) was selected for several reasons. It Is 
essentially tumor specific (2) and expressed in tumors other 
than melanoma (2), and tiie Mage-3A1 epitope b likely a re- 
jection antigen (14), Moreover, the Mage-3A1 CTLp fre- 
quency Is exceedlngjty low in nortcancer patients (reference 
18; 0.4-3 per 10^ CDS* T cells) as y/eH as in cancer patients, 
even after peptide vaccination (14). Thus, any Induction or 
boost of Mage-3A1 CD8^ T cell re^xsnses would irxlicate a 
significant superiority In the adjuvant capacities of DCs. 

DTH assays with peptide-pulsed DCs were carried out 
as described fay Nestie et al. (11) to detect Mage-3A1 im- 
munity (not shown). However, we did not detect un- 
equivocal DTH. This was due to the frequently observed 
background to nonpulsed DCs (possibly due to cytokine 
production by DCs) and the noteworthy variability from 
test site to test site. As Mage-3A1 -specific T cells are CD8''' 




Figure 5. Regression (anows) of a globular (13 
mm in diameter) lung metastasis in patient 07 that 
was then no longer detectable in serial G-mm-thlck 
computed tomography scans. 
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T cells and DTH assays typically detect primed CD4+ T 
celk. we suspect that DTH to MHC dass I peptide-pulsed 
DCs may also for this reason prove not to be a sensitive or 
reliable way to monitor sp«:iflc CD8+ T ceU-medlated im- 
mimity. 

In contrast, we found sizable expansions of Mage-3A1- 
speciflc CTL precursors in PBMCs from a majority (8/11) 
of patientt (P < 0.008; Fig. 4). This is an important proof 
of the principle of DC-based immunization, and it is also 
significant from the point of view that tumors can Induce 
tolerance or anergy. It U veiy promising that CTLp expan- 
sions can be induced in for advanced and heavily pretreated 
stage IV melanoma patients. However, active Mage-3A1- 
spedfic effectors were generaUy not observed in EUSPOT 
assays, except for In two patients with high frequencies 
(>5,000/10^ CD8+ T cells). Pertiaps active CD8+ effectors 
w^e rapidly sequestered in the numerous metastases, as 
suggested by the biopsy studies illustrated in Fig. 6, An al- 
ternative explanation is that looking for effectors in periph- 
eral blood 14 d after a preceding vaccination might simply 
be too late. 

Interestingly, in six patients. CTLp had Increased to their 
highest levels after the three intracutaneous vaccinations 
(F < 0.0013) and then decreased (P < 0.026) with subse- 
quent intravenous immunizations ff^ig. 4). The decrease in 
CTLp might be due to emigration of activated Mage-3- 
reactive CTLs into tissues, tolerance induction, or clonal 
exhaustion via the intravenous route. We also otiserved de- 
creased responses to recall antigens in the five patientt tiiat 
we studied before and after Intravenous vaccination (Fig. 3). 
The effect of the intravenous route requires additional 
study, as it may be counterproductive. In contrast, our re- 
sults clearly demonstrate that the Intracutaneous route b ef- 
fective, so that the less practical intranodal injection propa- 
gated by other investigators (1 1) does not seem essential. It 
will, however, be necessary to compare subcutaneous and 
intradermal routes to find out if one U superior. 



We found regression of individual metastases in 6/11 pa- 
tients when patients were staged 14 d after the fifth vacci- 
nation (Table I). This percentage of responses was unex- 
pected in far advanced stage IV melanoma patients who 
were all progressive despite standard chemotherapy and 
even chemolmmunotherapy. In the stud^ ^ Nestie eA sL 
(11). chemotherapy was only given to 4/16. melanoma pa- 
tients, and objective tumor responses were ol>served in 
5/16, Therefore, we attribute the regr ^sio ns to DC-medi- 
ated Induction of Mage-3Al-speciflc CTLs. This Interpre- 
tation Is supported by the heavy infiltration with CD8* T 
cells of regressing but not nonregresslng tl^) metastases. 
The observation that all of the metastases in patients 06 and 
08 that were excised at the end of the study were Mage-3 
mRNA" (whereas those removed at the onset were uni- 
formly positive) suggests immune escape of arKl selection 
for Mage-3 antigen-negative tumors. Immune escape 
might also have been responsible for the lack of tumor re- 
sponse In those nonresponders that had mounted a Mage- 
3Al-5peciflc CTL response. . 

After the end of the trial, surviving patientt received fur- 
ther vacdnatiom vdth DCs and several tumor peptides 
(Mage-1, tyrosinase, and Mage-3) that were no longer part 
of the protocol. It 1$ encouraging that 5/11 patientt are still 
alive (Table I) 9-17 mo after study entry, as the expected 
median survival In patientt progressive after chenio(im- 
muno)therapy is only 4 mo (29, 30). One of the initial re- 
sponders (patient 06) has recently experienced a complete 
response and has now been disease free for 2 mo. It is inter- 
esting that Marcharwi et al. (14) have also observed that re- 
gressions, once they have started, proceed slowly and may 
take months to complete. 

In conclusion, the use of a defined DC vaccine com- 
bined with detailed Immunomonitoiing provides proof that 
vaccination with mature DCs expands tumor-specific T 
cells In advanced melanoma patientt. In addition, we have 
found some evidence for the direct Interaction between 
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CDS* CTLs and tumor cells as well as for escape of antigen- 
negative metastases- We are convinced that DC-mediated 
immunizaUon can be Intensified further to reveal the pres- 
ence of expanded populations of effector cells. Efficacy might 
be increased at the level of the DC, e.g.. by optimizing 



variables such as DC maturatlonal state, route, dose, and 
schedule or by improving the short life span of DCs in vivo 
(31, 32); at the level of the T ceB, e.g.. by providing mela- 
noma-speciflc CD4+ T ceU help (33, 34) or IL-2 (35); and 
by treating patients earlier in their disease course. 
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